METHODS OF TREATING NEOPLASIA WITH COMBINATIONS OF 
TARGET CELL-SPECIFIC ADENOVIRUS, CHEMOTHERAPY AND 

RADIATION 



TECHNICAL FIELD 

This invention relates to cell transfection, and in particular methods of using 
adenoviral vectors for the suppression of tumor growth in conjunction with 
chemotherapy, radiation therapy or combinations thereof. 

BACKGROUND ART 

Neoplasia, also known as cancer, is the second most common cause of death 
in the United States. While the survival rates for individuals with cancer have 
increased considerably in the last few decades, survival of the disease is far from 
assured. Cancer is a catch-all term for over 100 different diseases, each of which are 
each fundamentally characterized by the unchecked proliferation of cells. Individual 
cancer cells are also able to break off from the main tumor, or metastasize, creating 
additional tumors in other regions of the body. 

Due to the mortality rate and incidence of neoplasia in the general population, 
research into potential cures has been high on the national agenda for decades. This 
research has led to the development a number of treatments, both systemic and 
regional (local). Regional treatments include radiation therapy, some types of 
chemotherapy and surgery. Chemotherapy has most often been used in systemic 
treatment. Each of these treatment regimes has significant disadvantages and 
limitations. Chemotherapy and radiation treatments will be discussed below. 

Chemotherapy 

Chemotherapy refers to the use of chemical compounds or drugs in the 
treatment of disease, though the term chemotherapy is most often associated with the 
treatment of cancer. Cancer chemotherapeutic agents are also commonly referred to 
as antineoplastic agents. There are a number of classes of chemotherapeutic 
compounds, encompassing nearly 100 individual drugs, as well as numerous drug 
combination therapies, methods of delivery and schedules of treatment. Each of 
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these chemotherapeutic agents may be classified according to several criteria, such 
as class of compound and disease state treated. Certain agents have been developed 
to take advantage of the rapid division of cancer cells and target specific phases in 
the cell cycle, providing another method of classification. Agents can also be 
5 grouped according to the type and severity of their side effects or method of delivery. 

However, the most common classification of chemotherapeutic agents is by class of 
compound, which broadly encompasses the mechanism of action of these 
compounds. 

Depending on the reference source consulted, there are slight differences in 
1 0 the classification of antineoplastics. The classes of compounds are described in the 

Physician's Desk Reference as follows: alkaloids; alkylating agents; anti-tumor 
antibiotics; antimetabolites; hormones and hormone analogs; immunomodulators; 
photosensitizing agents; and miscellaneous other agents. Examples of these 
J\ antineoplastics are listed in Table 1 . 

p| 5 The alkaloid class of compounds are also referred to as mitotic inhibitors, as 

4= they are cell cycle phase specific and serve to inhibit mitosis or inhibit the enzymes 

ijl required for mitosis. They are derived generally from plant alkaloids and other 

~" 4 natural products and work during the M-phase of the cell cycle. This class of 

O compounds is often used to treat neoplasias such as acute lymphoblastic leukemia, 

ri 20 Hodgkin's and non-Hodgkin's lymphoma; neuroblastomas and cancers of the lung, 

jT breast and testes. 

jU Alkylating agents make up a large class of chemotherapeutic agents, 

including of the following sub-classes, which each represent a number of individual 
drugs: alkyl sulfonates; aziridines; ethylenimines and methylmelamines; nitrogen 
25 mustards; nitrosoureas; and others. Alkylating agents attack neoplastic cells by 

directly alkylating the DNA of cells and therefore causing the DNA to be replication 
incompetent. This class of compounds is commonly used to treat a variety of 
diseases, including chronic leukemias, non-Hodgkin's lymphoma, Hodgkin's 
lymphoma, multiple myeloma and certain lung, breast and ovarian cancers. 
30 Nitrosoureas are often categorized as alkylating agents, and have a similar 

mechanism of action, but instead of directly alkylating DNA, they inhibit DNA 
repair enzymes causing replication failure. These compounds have the advantage of 
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being able to cross the blood-brain barrier and therefore can be used to treat brain 
tumors. 

Antitumor antibiotics have antimicrobial and cytotoxic activity and also 
interfere with DNA by chemically inhibiting enzymes and mitosis or by altering cell 
membranes. They are not cell cycle phase specific and are widely used to treat a 
variety of cancers. 

, The antimetabolite class of antineoplastics interfere with the growth of DNA 
and RNA and are specific to the S-phase of the cell-cycle. They can be broken down 
further by type of compound, which include folic acid analogs, purine analogs, and 
pyrimidine analogs. They are often employed in the treatment of chronic leukemia, 
breast, ovary, and gastrointestinal tumors. 

There are two classes of hormones or hormone analogs used as antineoplastic 
agents, the corticosteroid hormones and sex hormones. While some corticosteroid 
hormones can both kill cancer cells and slow the growth of tumors, and are used in 
the treatment of lymphoma, leukemias, etc., sex hormones function primarily to slow 
the growth of breast, prostate and endometrial cancers. There are numerous 
subclasses of hormones and hormone analogs, including, androgens, antiadrenals, 
antiandrogens, antiestrogens, aromatase inhibitors, estrogens, leutenizing hormone 
releasing hormone (LHRH) analogs and progestins. 

An additional smaller class of antineoplastics is classified as immunotherapy. 
These are agents which are intended to stimulate the immune system to more 
effectively attack the neoplastic cells. This therapy is often used in combination with 
other therapies. 

There are also a number of compounds, such as campothectins, which are 
generally listed as 'other' antineoplastic agents and can be used to treat a variety of 
neoplasias. 

While there is a plethora of antineoplastic agents, the efficacy of these 
compounds is often outweighed by the severity of the side effects produced by the 
agent. This comparison is often referred to as the therapeutic index, which describes 
the balance between the required dose to accomplish the destruction of the cancer 
cells compared to the dose at which the substance is unacceptably toxic to the 
individual. The drawback to most antineoplastic agents is the relatively small range 
of the therapeutic index, (i.e, the narrow dosage range in which cancer cells are 



destroyed without unacceptable toxicity to the individual). This characteristic limits 
the frequency and dosage where an agent is useful, and often the side effects become 
intolerable before the cancer can be fully eradicated. 

The severe side effects experienced with the majority of cancer 
chemotherapeutics are a result of the non-specific nature of these drugs, which do 
not distinguish between healthy and cancerous cells, and instead destroy both. The 
cell cycle specific drugs attempt to lessen these effects, targeting phases of the cell 
cycle involved in cell replication and division. These drugs do not, however, 
distinguish between cancerous cells and healthy cells which are undergoing normal 
cell division. The cells most at risk from these types of chemotherapy are those 
which undergo cell division often, including blood cells, hair follicle cells, and cells 
of the reproductive and digestive tracts. 

The most common side effects of antineoplastic agents are nausea and 
vomiting. A large proportion of individuals also suffer from myelosuppression, or 
suppression of the bone marrow, which produces red blood cells, white blood cells 
and platelets. These and other side effects are also exacerbated by the suppression of 
the immune system concomitant with the destruction and lack of production of white 
blood cells, and associated risk of opportunistic infection. 

Other side effects common to a wide range of antineoplastic agents include: 
hair loss (alopecia); appetite loss; weight loss; taste changes; stomatitis and 
esophagitis (inflammation and sores); constipation; diarrhea; fatigue; heart damage; 
nervous system changes; lung damage; reproductive tissue damage; liver damage; 
kidney and urinary system damage. 

The wide range of the side effects associated with most antineoplastic agents 
and their severity in individuals who are already debilitated with disease and 
possibly immune compromised has led researches to search for mechanisms by 
which they can alleviate some of the side effects while maintaining the efficacy of 
the treatment. Several approaches to this problem have been taken. They include 
combination chemotherapy, where multiple antineoplastics are administered 
together; adjuvant therapies, where additional agents are prescribed along with the 
antineoplastic agent to fight the side effects of the antineoplastic; alternative delivery 
vehicles for the administration of chemotherapeutics, such as the encapsulation of 



antineoplastic agents in liposomes; and combined modality treatments, where 
chemotherapy is combined with radiation and/or surgery. 

One difficulty with respect to combination chemotherapy is that many 
antineoplastic agents have similar side effects, so while their toxicity profiles are 
different, the individual will still suffer greatly and may not be able to finish the 
recommended course of treatment. 

Another aspect of combination chemotherapy is the addition of hormones to 
the combination of drags administered. While the hormone or hormonal analog 
treatment is generally not cytotoxic, hormonal manipulation helps to prevent or slow 
cell division and therefore slows the growth of the tumor. This type of therapy is 
often used for hormone dependent rumors of, for instance, the prostate, breast or 
ovaries. One well known example is the treatment of breast cancer with tamoxifen. 

An additional method of combating the side effects associated with 
antineoplastics and, more importantly, extending the therapeutic dosage of these 
agents is adjuvant therapy, where additional agents are co-administered to the 
individual in order to ameliorate the side effects or toxicity of the antineoplastic 
agent. Examples of such adjuvant therapy includes the administration of 
chemoprotective agents, such as the uroprotective agent mesna, the antimetastatic 
agent batimastat, the folic acid replenisher folinic acid. Additional therapies include 
the administration of granulocyte colony stimulating factors, granulocyte- 
macrophage colony stimulating factor and even the transplantation of hematopoietic 
stem cells. These last three therapies aim to treat lessen the chance of opportunistic 
infection due to myelosuppression concomitant with many chemotherapy regimens. 
However, despite the recent advances in antineoplastic and adjuvant therapy there 
are still numerous cancers, for example ovarian cancer, that are resistant to current 
treatments, and leave the individual at risk for potentially serious infection. 

Radiation Therapy 

Along with chemotherapy and surgery, radiation is one of the most 
commonly used treatment modalities, used in approximately 60% of treatment 
regimens. Radiation, in any of several forms, is often used as the primary therapy 
for basal cell carcinomas of the skin, head and neck, prostate cancers, bladder 
cancers, and others. Often combined with chemotherapy and/or surgery, radiation 



therapy encompasses both local and total body administration as well as a number of 
new advances, including radioimmunotherapy. 

The cytotoxic effect of radiation on neoplastic cells arises from the ability of 
radiation to cause a break in one or both strands of the DNA molecule inside the 
cells. Cells in all phases of the cell cycle are susceptible to this effect. However, the 
DNA damage is more likely to be lethal in cancerous cells because they are less 
capable of repairing DNA damage. Healthy cells, with functioning cell cycle check 
proteins and repair enzymes, are far more likely to be able to repair the radiation 
damage and function normally after treatment. 

Tumors and tissues themselves are also characterized by a range of 
susceptibilities to radiation therapy. Lymphoma and leukemias are very sensitive to 
radiation therapy, while renal cancer and gland tumors are fairly insensitive to 
radiation. A tumor that is considered radiosensitive is one which can be eradicated 
by a dose(s) of radiation that is also well tolerated by the surrounding tissues. 
Unsurprisingly, different tissue types within the body tolerate radiation at different 
doses. Tissues that undergo frequent cell division are most effected by treatment, 
similar to their sensitivity to certain cell cycle specific chemotherapy agents. 

The radiosensitivity of tumors is also effected by hypoxia, or a lack of 
oxygen in the interiors of larger tumors. Hypoxic tumors can be 2-3 times less 
responsive to radiation treatment. Certain agents used in conjunction with radiation 
treatment, such as some of the radiosensitizing agents, work by increasing the singlet 
oxygen species in the vicinity of the tumor and therefore increasing its 
radiosensitivity. Other compounds used in conjunction with radiation therapy 
include radioprotectants which are designed to protect surrounding tissue from some 
of the effects of radiation therapy. Sources of radiation include: Americium, 
chromic phosphate, radioactive, Cobalt, 131 I-ethiodized oil, Gold ( radioactive, 
colloidal) iobenguane, Radium, Radon, sodium iodide (radioactive) , sodium 
phosphate (radioactive). 

Radiation therapy itself can be classified according to two primary types, 
internal and external radiation therapy. External therapy involves the administration 
of radiation via a machine capable of producing high-energy external beam radiation. 
This therapy can include either total body irradiation, or can be localized to the 
region of the tumor. With external radiation treatments, the bodily secretions of the 



individual are not radioactive after treatment. The radiation itself can be either 
electromagnetic (X-ray or gamma radiation) or particulate (a or (3 particles). The 
treatment requirements will differ depending upon the characteristics of the tumor. 
External radiation is often used pre- or post-operatively; either to shrink the tumor 
before surgery, or to mop up remaining cancer cells after surgery. 

Internal radiation therapy, also termed brachytherapy, involves implantation 
of a radioactive isotope as the source of the radiation. There a variety of methods of 
delivery, including permanent, temporary, sealed, unsealed, intracavity or interstitial 
implants. The choice of implant is determined by a variety of factors, including the 
location and extent of the tumor. 

A third, but still experimental, type of radiation therapy is often termed 
radioimmunotherapy. This involves the attachment of radioisotopes to monoclonal 
antibodies specific for the tumor cells. Upon administration the antibodies 
specifically seek out and destroy the cancer cells. 

The side effects of radiation are similar to those of chemotherapy and arise 
for the same reason, the damage of healthy tissue. Radiation is usually more 
localized than chemotherapy, but treatment is still accompanied by damage to 
previously healthy tissue. Many of the side effects are unpleasant, and radiation also 
shares with chemotherapy the disadvantage of being mutagenic, carcinogenic and 
teratogenic in its own right. While normal cells usually begin to recover from 
treatment within two hours of treatment, mutations may be induced in the genes of 
the healthy cells. These risks are elevated in certain tissues, such as those in the 
reproductive system. It has also been found that people tolerate radiation differently. 
Doses that may not lead to new cancers in one individual may in fact spawn 
additional cancers in another individual. This could be due to pre-existing mutations 
in cell cycle check proteins or repair enzymes, but current practice would not be able 
to predict at what dose a particular individual is at risk. Common side effects of 
radiation include: bladder irritation; fatigue; diarrhea; low blood counts; mouth 
irritation; taste alteration; loss of appetite; alopecia; skin irritation; change in 
pulmonary function; enteritis; sleep disorders; and others. 



Adenovirus Vectors 

Until relatively recently, the virtually exclusive focus in development of 
adenoviral vectors for gene therapy has been use of adenovirus merely as a vehicle 
for introducing the gene of interest, not as an effector in itself Replication of 
adenovirus had previously been viewed as an undesirable result, largely due to the 
host immune response. More recently, however, the use of adenovirus vectors as 
effectors has been described. International Patent Application Nos. 
PCT/US98/04084, PCT/US98/04080; PCT/US98/04133, PCT/US98/04132, 
PCTYUS98/16312, PCT/US95/00845, PCT/US96/10838, PCT/EP98/07380, U.S. Pat. 
No. 5,998,205 and U.S. Pat. No. 5,698,443. The use of IRES in vectors have been 
described. See, for example, International Patent Application No. PCT/US98/03699 
and International Patent Application No. PCT/EP98/07380. Adenovirus El A and 
E1B genes are disclosed in Rao et al. (1992, Proc. Natl Acad. Sci. USA vol. 89: 
7742-7746). 

Publications describing various aspects of adenovirus biology and/or 
techniques relating to adenovirus include the following. PCT/US95/14461; Graham 
and Van de Eb (1973) Virology 52:456-467; Takiff et al. (1981) Lancet ii:832-834; 
Berkner and Sharp (1983) Nucleic Acid Research 6003-6020; Graham (1984) 
EMBO J 3:2917-2922; Bettetai. (1993) J. Virology 67:5911-5921; andBettet al. 
(1994) Proc. Natl Acad. Set USA 91:8802-8806 describe adenoviruses that have 
been genetically modified to produce replication-defective gene transfer vehicles. In 
these vehicles, the early adenovirus gene products El A and E IB are deleted and 
provided in trans by the packaging cell line 293 developed by Frank Graham 
(Graham et al. (1987) J. Gen. Birol 36:59-72 and Graham (1977) J. Genetic 
Virology 68:937-940). The gene to be transduced is commonly inserted into 
adenovirus in the deleted E1A and E1B region of the virus genome Bett et al. (1994), 
supra. Adenovirus vectors as vehicles for efficient transduction of genes have been 
described by Stratford-Perricaudet (1990) Human Gene Therapy 1:2-256; Rosenfeld 
(1991) Science 252:431-434; Wang et al. (\99\) Adv. Exp, Med Biol 309:61-66; 
Jaffe et al. (1992) Nat Gent. 1:372-378; Quantin et al. (1992) ProcNatl Acad. Sci. 
USA 89:2581-2584; Rosenfeld et al. (1992) Cell 68:143-155; Stratford-Perricaudet et 
al. (1992) 1 Clin. Invest. 90:626-630; Le Gal La Salle et al. (1993) Science 259:988- 
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990; Mastrangeli et al. (1993) J. Clin. Invest. 91:225-234; Ragot et al. (1993) Nature 
361:647-650; Hayaski et al. (1994) 1 Biol Chem. 269:23872-23875. 

There are several other experimental cancer therapies which utilize various 
aspects of adenovirus or adenovirus vectors. See, U.S. Pat. No. 5,776,743; U.S. Pat. 
No. 5,846,945; U.S. Pat. No. 5,801,029; PCT/US99/08592; U.S. Pat. No. 5,747,469; 
PCT/US98/03514; and PCT/US97/22036. 

Of particular interest is the development of more specific, targeted forms of 
cancer therapy, especially in cancers that are difficult to treat successfully, such as 
prostate, bladder or ovarian cancer. In contrast to conventional cancer therapies, 
which result in relatively non-specific and often serious toxicity, more specific 
treatment modalities attempt to inhibit or kill malignant cells selectively while 
leaving healthy cells intact. There is, therefore a serious need for developing 
specific, less toxic cancer therapies. 

All references cited herein are hereby incorporated by reference in their 
entirety. 

SUMMARY OF THE INVENTION 
The invention provides methods for the administration of combinations of a 
target cell-specific adenoviral vector and at least one antineoplastic agent(s) and/or 
radiation to an individual in need thereof, such as, an individual with neoplasia. 

Accordingly, in one aspect, the invention provides methods of suppressing 
tumor growth in an individual comprising the steps of: a) administering to the 
individual a composition comprising a replication-competent target cell-specific 
adenoviral vector wherein said vector comprises an adenovirus gene essential for 
replication (preferably an early gene) under transcriptional control of a target cell 
specific transcriptional regulatory element (TRE); and b) administering an 
antineoplastic agent to the individual, wherein the adenoviral vector and 
antineoplastic agent are administered in amounts sufficient to suppress tumor 
growth. In some embodiments, the amount of adenovirus vector and/or 
antineoplastic agent administered is less than that known in the art to be effective for 
suppressing tumor growth when either is administered alone. In one embodiment, 
the antineoplastic agent includes alkaloids, alkylating agents, antibiotics, 



antimetabolites, immunomodulators, nitrosoureas, hormone antagonists/agonists and 
analogs, or photosensitizing agents. 

In another aspect, the invention provides methods of suppressing tumor 
growth in an individual comprising the following steps: a) administering to the 
individual a composition comprising a replication-competent target cell-specific 
adenoviral vector wherein said vector comprises an adenovirus gene essential for 
replication (preferably an early gene) under transcriptional control of a target cell 
specific transcriptional regulatory element (TRE); and b) administering an effective 
amount of radiation. In some embodiments, the amount of adenovirus vector and/or 
radiation administered is less than that known in the art to be effective for 
suppressing tumor growth when administered alone. In one embodiment, the 
radiation includes X-rays, gamma rays, alpha particles, beta particles, electrons, 
photons, neutrons, other ionizing radiation or radioactive isotopes. 

In yet another aspect, the present invention provides methods for suppressing 
tumor growth in an individual comprising the following steps, in any order: a) 
administering to the individual an effective amount of a replication-competent target 
cell-specific adenoviral vector and an effective amount of at least one antineoplastic 
agent; and b) administering an effective amount of an appropriate course of radiation 
therapy to the individual. In one embodiment, the method may further comprise, c) 
administering to the individual an additional dose of the 
adenoviral/chemotherapeutic solution or radiation as necessary to treat the 
individual's neoplasia. In another embodiment, the method may further comprise a 
delay between any of steps a), b) and c). In some embodiments, the amount of 
adenovirus vector and/or anitneoplastic agent and/or radiation administered will be 
less than that known in the art to be effective for suppressing tumor growth when 
either is administered alone. 

Any TRE which directs cell-specific expression can be used in the disclosed 
adenovirus vectors. In one embodiment, TREs include, for example, TREs specific 
for prostate cancer cells, breast cancer cells, hepatoma cells, melanoma cells, bladder 
cells or colorectal cancer cells. In another embodiment, the TREs include, probasin 
(PB) TRE; prostate-specific antigen (PSA) TRE; mucin (MUC1) TRE; ot-fetoprotein 
(AFP) TRE; hKLK2 TRE; tyrosinase TRE; human uroplakin II TRE (hUPII) or 
carcinoembryonic antigen (CEA) TRE. In other embodiments, the target cell- 
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specific TRE is a cell status-specific TRE. In yet other embodiments, the target cell- 
specific TRE is a tissue specific TRE. 

In one aspect, the adenovirus vectors comprise adenovirus genes essential for 
viral replication. An essential gene can be an early viral gene, including for 
example, El A; E IB; E2; and/or E4, or a late viral gene. In another aspect, the 
adenovirus vector comprises E3. 

In some embodiments, the adenovirus vectors comprise an adenovirus gene 
having an inactivation of its endogenous promoter. In one embodiment, the 
adenovirus gene is essential for viral replication under control of a target cell- 
specific TRE. In another embodiment, the adenovirus gene is El A wherein the E1A 
promoter is inactivated and wherein the El A gene is under transcriptional control of 
a heterologous cell-specific TRE. In another embodiment, the adenovirus gene is 
E1B wherein the El B promoter is inactivated and wherein the El B gene is under 
transcriptional control of a heterologous cell-specific TRE. In other embodiments, 
the adenovirus vectors comprise the adenovirus gene, E1B, having a deletion of the 
19-kDa region. 

In other embodiments, an enhancer element for the adenovirus genes is 
inactivated, such as an inactivation of El A enhancer. In yet other embodiments, the 
E1A promoter is inactivated and the E1A enhancer I is inactivated. In further 
embodiments, the TRE has its endogenous silencer element inactivated. 

In another embodiment, the replication competent adenovirus vectors 
comprise co-transcribed first and second genes under transcriptional control of a 
heterologous, target cell-specific transcriptional regulatory element (TRE), wherein 
the second gene is under translational control of an internal ribosome entry site 
(IRES). In one aspect, the first and/or second genes are adenovirus genes and in 
another aspect, the first and/or second adenovirus genes are essential for viral 
replication. An essential gene can be an early viral gene, including for example, 
El A; E1B; E2; and/or E4, or a late viral gene. In another aspect an early gene is E3. 

In one embodiment, the first gene is an adenovirus gene and the second gene 
is a therapeutic gene. In another embodiment, both genes are adenovirus genes. In 
an additional embodiment, the first adenovirus gene is El A, and the second 
adenovirus gene is E1B. Optionally, the endogenous promoter for one of the co- 
transcribed adenovirus gene essential for viral replication, such as for example, El A, 
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is inactivated, placing the gene under sole transcriptional control of a target cell- 
specific TRE. 

In additional embodiments, the adenovirus vector comprises at least one 
additional co-transcribed gene under the control of the cell-specific TRE. In another 
5 embodiment, an additional co-transcribed gene is under the translational control of 

an IRES. 

In another aspect of the present invention, adenovirus vectors further 
comprise a transgene such as, for example, a cytotoxic gene. In one embodiment, 
the transgene is under the transcriptional control of the same TRE as the first gene 
1 0 and second genes and optionally under the translational control of an internal 

ribosome entry site. In another embodiment, the transgene is under the 
transcriptional control of a different TRE that is functional in the same cell as the 
TRE regulating transcription of the first and second genes and optionally under the 
=~Q translational control of an IRES. 

pis 

+; BRIEF DESCRIPTION OF THE DRAWINGS 

^ = Figures 1 A-1B is a schematic depicting target cell-specific adenovirus 

3 vectors described in the Examples. 

?1 Figure 2 is a graph depicting percent viable LNCaP prostate tumor cells 

HqO treated with CV787 adenovirus vector (solid circles; MOI 0.01); CV787 and 

D TAXOL™ (paclitaxel; solid squares); TAXOL™ alone (solid triangles; 6.25 nM) 

p " and mock infected control (diamonds). For the combined administration of CV787 

and TAXOL™ , TAXOL™ was administered first, 24 hrs prior to CV787. 

Figure 3 is a graph depicting percent viable LNCaP prostate tumor cells 
25 treated with CV787 adenovirus vector (solid circles; MOI 0.01); CV787 and 

TAXOTERE™ (docetaxel; solid squares;); TAXOTERE™ alone (triangles; 3.12 
nM); and mock infected control (diamonds) In the combination administration, 
TAXOTERE™ was administered first. 

Figure 4 is a graph depicting percent viable LNCaP prostate tumor cells 
30 treated with CV787 adenovirus vector (solid circles; MOI 0.01); CV787 and 

TAXOTERE™ (docetaxel; solid squares); TAXOTERE™ alone (triangles; 3.12 
nM); and mock infected control (diamonds) For the combination administration, 
CV787 was added first. 
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Figure 5 is a graph depicting percent viable LNCaP prostate tumor cells 
treated with CV787 adenovirus vector (solid circles; MOI 0.1); CV787 and 
mitoxantrone (MTX; solid squares;); MTX alone (solid circles with "X"; 100 nM); 
and mock infected control (diamonds). For the combination administration , 
Mitoxantrone was administered first, 24 hrs prior to CV787. 

Figure 6 is a bar graph depicting percent viable LNCaP prostate tumor cells 
with no treatment (mock); CV787 treatment (MOI 0.01); etoposide treatment (500 
ng/ml); and CV787 plus etoposide (Eto) treatment on day 8 (Etoposide was 
administered first). 

Figure 7 is a bar graph depicting percent viable LNCaP prostate tumor cells 
with no treatment; CV787 treatment (MOI 0.01); doxorubicin treatment (50 ng/ml); 
and CV787 plus doxorubicin (Doxo) treatment on day 8 (CV787 was administered 
first). 

Figure 8 is a bar graph depicting percent viable LNCaP prostate tumor cells 
with no treatment; CV787 treatment (MOI 0.1); cisplatin treatment (8.25 jjM); and 
CV787 plus cisplatin (Cis) treatment on day 5 (Cisplatin was administered first). 

Figure 9 is a bar graph depicting percent viable LNCaP prostate tumor cells 
with no treatment; CV787 treatment (MOI 0.01); 5-fluorouracil (5-FU; 35 \iM) 
treatment; and CV787 plus 5-fluorouracil treatment on day 8 (5-fluorouracil was 
administered first). 

Figure 10 is a graph depicting percent viable LNCaP prostate tumor cells 
treated with CV787 adenovirus vector (solid circles; MOI 0.01); CV787 and 
radiation (solid squares); radiation alone (solid triangles; 137 Cs; 2 Gy); and mock 
infected control (diamonds). For combination administration, CV787 was 
administered first, 24 hours prior to radiation. 

Figure 1 1 is a graph depicting CV787 adenovirus yield in LNCaP prostate 
tumor cells treated with CV787 (MOI 0. 1) and mock infected control; CV787 and 
TAXOL™ (6.25 nM); CV787 and mitoxantrone (Mito; 100 nM); CV787 and 
doxorubicin (Dox; 50 ng/ml); and CV787 and etoposide (500 ng/ml), on day 6 of 
treatment. For all combination administration, CV787 was administered first. 

Figure 12 is a bar graph depicting CV787 adenovirus yield in LNCaP 
prostate tumor cells (dashed shading); HBL-100 breast epithelial cells (horizontal 
shading); and PA-1 ovary cells (solid shading) when treated with CV787 adenovirus 
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vector (MOI 0.1); CV787 and TAXOL (6.25 nM); CV787 and mitoxantrone 
(MTX; 100 nM);and CV787 and doxorubicin (Doxo; 50 ng/ml). For combination 
administration, CV787 was administered first with virus yield measured at 72 hours 
after infection. 

Figure 13 is a graph depicting relative percent viable cells for combination 
treatment compared to chemotherapeutic agent alone over time when treated with 
CV787 adenovirus vector (MOI 0.01) and TAXOL™ (6.25 nM). LNCaP, prostate 
tumor cells (solid circles); HBL-100, breast epithelial tissue cells (solid triangles); 
OVCAR-3, ovarian cancer cells (solid diamonds); and 293, human embryonic 
kidney cells (solid squares), El A and E1B permissible. For combination 
administration, CV787 was administered first. 

Figure 14 is a bar graph depicting percent viable cells when treated with 
CV787 adenovirus vector (dark shading; MOI 0.1); CV787 and mitoxantrone (MTX; 
outlined; 100 nM) and mitoxantrone alone (horizontal shading) on day 7 of 
treatment. LNCaP, prostate tumor cells; HBL-100, breast epithelial tissue cells; 
OVCAR-3, ovarian cancer cells; and 293, human embryonic kidney cells, El A and 
E1B permissible. For combination administration, CV787 was administered first. 

Figure 15 is a graph depicting percent viable Hep3B (3B) and HepG2 (G2) 
hepatoma cells treated with CV790 adenovirus vector (diamonds; MOI 0.01); CV790 
and doxorubicin (triangles); and doxorubicin alone (squares; 10 ng/ml). For 
combination administration, CV790 was administered first. 

Figure 16 is a graph depicting percent viable HepG2 (G2) hepatoma cells 
treated with CV790 adenovirus vector (solid diamonds; MOI 0.01); CV790 and 
doxorubicin (solid triangles); and doxorubicin alone (solid squares; 10 ng/ml). For 
combination administration, Doxorubicin was administered first. 

Figure 17 is a graph depicting percent viable HepG2 (G2) hepatoma cells 
treated with CV790 adenovirus vector (solid diamonds; MOI 0.01); CV790 and 
doxorubicin (solid triangles); and doxorubicin alone (solid squares; 10 ng/ml). For 
combination administration, CV790 and doxorubicin were administered together. 

Figure 18 is a graph depicting percent viable HepG2 (G2) and Hep3B (3B) 
hepatoma cells treated with CV790 adenovirus vector (diamonds; MOI 0.1); CV790 
and cisplatin (triangles); and cisplatin alone (squares; 1 (ig/ml). For combination 
administration, CV790 was administered first, 
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Figure 19 is a graph depicting percent viable HepG2 (G2) and Hep3B (3B) 
hepatoma cells treated with CV790 adenovirus vector (diamonds; MOI 0.1); CV790 
and TAXOL™ (paclitaxel; triangles); and TAXOL™ alone (squares; 0.5 ng/ml). 
For combination administration, CV790 was administered first. 

Figure 20 is a graph depicting percent viable HepG2 (G2) and Hep3B (3B) 
hepatoma cells treated with CV790 adenovirus vector (diamonds; MOI 0,1); CV790 
and 5-fluorouracil (triangles); and 5-fluorouracil alone (squares; 10 ng/ml). For 
combination administration, CV790 was administered first. 

Figure 21 is a graph depicting percent viable HepG2 (G2) and Hep3B (3B) 
hepatoma cells treated with CV790 adenovirus vector (diamonds; MOI 0.1); CV790 
and mitoxantrone (triangles); and mitoxantrone alone (squares; 4 ng/ml). For 
combination administration, CV790 was administered first. 

Figure 22 is a graph depicting percent viable HepG2 (G2) and Hep3B (3B) 
hepatoma cells treated with CV790 adenovirus vector (diamonds; MOI OA); CV790 
and mitomycin C (triangles); and mitomycin C alone (squares; 10 ng/ml). For 
combination administration, CV790 was administered first. 

Figure 23 is a graph depicting the tumor volume of LNCaP prostate tumor 
xenografts treated with CV787 adenovirus vector (triangles; 1 x 10 7 particles/mm 3 ); 
CV787 and TAXOL™ (solid squares); TAXOL™ alone (paclitaxel; solid circles; 15 
mg/kg); and mock infected control (solid diamonds). For combination 
administration, CV787 was administered first on day 0 via intra-tumor injection. 
TAXOL™ was administered on day 1 , 2, 3 ? and 4. 

Figure 24 is a graph depicting the relative percent of tumor volume of LNCaP 
prostate tumor xenografts treated with TAXOL™ and CV787 adenovirus vector 
(triangles; TAXOL™ 2 mg/kg; 1 x 10 10 particles); CV787 and TAXOL™ (solid 
squares; TAXOL™ 10 mg/kg); TAXOL™ alone (solid circles; 10 mg/kg); and 
TAXOL™ alone (solid diamonds; 2 mg/kg). For combination administration, 
TAXOL™ was administered first via intravenous administration. 

Figure 25 is a graph depicting the tumor volume of LNCaP prostate tumor 
xenografts treated with CV787 adenovirus vector (triangles; 1 x 10 10 particles); 
CV787 and TAXOL™ (solid squares); TAXOL™ alone (solid circles; 20 mg/kg); 
mock infected control (vehicle; solid diamonds). For combination administration, 
CV787 was administered first via intravenous delivery. 
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Figure 26 is a graph depicting the relative percent tumor volume of LNCaP 
prostate tumor xenografts treated with CV787 adenovirus vector (shaded squares; 1 x 
10 11 particles); CV787 (solid circles; 1 x 10 10 particles); CV787 (1 x 10 10 particles) 
and mitoxantrone (Mito; "X"; 3 mg/kg); CV787 (1 x 10 11 particles) and 
mitoxantrone (solid diamonds; 3 mg/kg); mitoxantrone alone (solid triangles; 3 
mg/kg) and mock infected control (vehicle; "-"). For combination administration, 
CV787 was administered first. 

Figure 27 is a graph depicting the relative percent tumor volume of LNCaP 
prostate tumor xenografts treated with CV787 adenovirus vector (solid circles; 1 x 
10 10 particles); CV787 and estramustine (solid squares); estramustine alone 
(triangles); and mock infected control (solid diamonds). For combination 
administration, CV787 was administered first. Estramustine was administered at 14 
mg/kg on days 2-5, 7-11, 13-17 and 20-24. 

Figure 28 is a graph depicting the tumor volume of LNCaP prostate tumor 
xenografts treated with CV787 adenovirus vector (solid circles; 1 x 10 10 particles), 
CV787 and docetaxel (solid squares; 1 x 10 10 particles, 10 mg/kg); docetaxel alone 
(solid triangles; 10 mg/kg); and mock infected control (shaded diamonds). For 
combination administration, CV787 was administered first. 

Figure 29 is a graph depicting the tumor volume of LNCaP prostate tumor 
xenografts treated with CV787 adenovirus vector (shaded triangles; 1 x 10 10 
particles), CV787 (unfilled triangles; 1 x 10 11 particles); CV787 and docetaxel (solid 
squares; 1 x 10 10 particles, 5 mg/kg); docetaxel alone (solid circles; 5 mg/kg); and 
mock infected control (solid diamonds). For combination administration, CV787 
was administered first. 

Figure 30 is a graph depicting the relative percent tumor volume of Hep3B 
hepatoma xenografts treated with CV790 adenovirus vector (solid circles; 1 x 10 u 
particles); CV790 and doxorubicin (Doxo; solid squares); doxorubicin alone 
(triangles; 10 mg/kg); and mock infected control (solid diamonds). For combination 
administration, CV790 was administered first. 

Figure 31 is a graph depicting the relative percent tumor volume of Hep3B 
hepatoma xenografts treated with CV890 adenovirus vector (solid circles; 1 x 10 n 
particles); CV890 and doxorubicin (solid squares); doxorubicin alone (triangles; 10 
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mg/kg); and mock infected control (solid diamonds). For combination 
administration, CV890 was administered first. 

Figure 32 is a graph depicting percent viable LNCaP prostate tumor cells 
treated with CV787 adenovirus vector (solid circles; MOI 0.1); CV787 and radiation 
(solid squares); radiation alone (solid triangles; 6 Gy); and no treatment (diamonds). 
In combination administration ? radiation was administered first. 

Figure 33 is a graph depicting percent viable LNCaP prostate tumor cells 
treated with CV787 adenovirus vector (solid circles; MOI 0.1); CV787 and radiation 
(solid squares); radiation alone (solid triangles; 6 Gy); and no treatment (diamonds). 
In combination administration, CV787 was administered first. 

Figure 34 is a graph depicting the virus yield of CV787 adenovirus vector 
over time for CV787 administered with radiation first (solid squares; MOI 0.1; 6 Gy) 
and CV787 administered without radiation (solid circles). 

Figure 35 is a graph depicting the virus yield of CV787 adenovirus vector 
over time for CV787 administered before radiation (solid squares; MOI 0.1; 6 Gy) 
and CV787 administered without radiation (solid circles). 

Figure 36 is a graph depicting percent of cell death of LNCaP prostate tumor 
cells treated with CV787 adenovirus vector (MOI 0.01) and increasing doses of 
radiation, on day 6 of treatment. CV787 was administered first. 

Figure 37 depicts a nucleotide and amino acid sequence for ADP. 

Figure 38 depicts an IC50 isobologram of doxorubicin and CV 890 on Hep3B 
cells at day 5. 

Figure 39 depicts in vivo efficacy of CV890 with doxorubicin. Hep3B nude 
mouse xenografts were grouped (n=6) and treated with CV890 alone (lxlO 11 
particles/dose, iv)> doxorubicin alone (lOmg/kg, ip), CV890 and doxorubicin 
combination (lxlO 11 particles of CV890 through tail vein and lOmg/kg doxorubicin 
ip) ? or vehicle control. Tumor size was measured weekly and the tumor volume 
were normalized as 100% at the day of treatment. Error bars represent the standard 
error of the mean. 

Figure 40 shows the virus yield of CV802, CV882 and CV884 in cell lines. 
Figure 41 are schematic depictions of various adenovirus constructs 
described herein. 
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MODES FOR CARRYING OUT THE INVENTION 



We have discovered methods of using replication-competent, target cell- 
specific adenovirus vectors in combination with single chemotherapeutic agents, 
combinations of chemotherapeutic agents, radiation therapy treatment and the 
5 combination of radiation therapy and chemotherapeutic agents. The target cell- 

specific replication-competent adenovirus vectors comprise an adenovirus gene 
essential for replication, preferably an early gene, under the transcriptional control of 
a cell type-specific transcriptional regulatory element (TRE). By providing for cell 
type-specific transcription through the use of one or more cell type-specific TREs, 
10 the adenovirus vectors effect cell-specific cytotoxicity due to selective replication. 

We have observed synergy with respect to these adenoviral vectors and various 
chemotherapeutic agents as well as radiation compared to results using adenovirus or 
rj chemotherapy or radiation alone. 

!Jf Although chemotherapeutic agents are used to treat a wide variety of cancers, 

HI 5 the success rate is highly variable and the chemotherapeutic agents themselves are 

y highly toxic, causing highly undesirable side effects and possibly contributing 

jf \ additional mutagenic or carcinogenic results in an already immune-compromised 

s individual. Because the combination of adenoviral vectors and chemotherapeutics 

u] can synergistically enhance the efficacy of treatment, this in turn permits a lower 

] y 20 effective dose of virus and/or chemotherapeutic agent, reducing the toxicity of the 

Q treatment and the suffering of the individual. An additional potential benefit is 

reduced length of treatment, as we have observed that tumors respond to the 
combined viral therapy more quickly than to chemotherapy or viral therapy alone. 

We have also discovered that, in spite of their potential to damage viral DNA 
25 and thus compromise adenoviral vector function, viral replication is not appreciably 

changed in the presence of chemotherapeutic agent(s) and/or radiation, and that 
simultaneous administration of target-cell specific adenovirus and chemotherapeutic 
agent(s) is effective for killing tumor cells. 

In some embodiments, the methods are for suppressing tumor growth. In 
30 other embodiments, the methods are for reducing size and/or extent of a tumor. In 

other embodiments, the methods are for delaying development of a tumor. In other 
embodiments, the methods are for treating a neoplasia. In still other embodiments, 
the methods are for killing tumor cells. 
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With respect to all methods described herein, target cells (i.e., neoplastic, 
proliferative cells) are contacted with an appropriate adenovirus vector described 
herein (preferably in the form of an adenovirus particle) such that the vector enters 
the cell and viral replication initiates. Target cell(s) are also contacted with another 
agent which kills tumor cells, such as a chemotherapeutic agent(s) and/or radiation. 

Individuals suitable for treatment by these methods include individuals who 
have or are suspected of having neoplasia, including individuals in the early or late 
stages of the disease, as well as individuals who have previously been treated (e.g., 
are in the adjuvant setting). Other individuals suitable for the methods described 
herein are those who are considered high risk for developing a tumor, such as those 
who have a genetic predisposition to development of a neoplasia and/or who have 
been exposed to an agent(s) which is correlated with development of a neoplasia. 
Treatment regimes include both the eradication of tumors or other forms of the 
disease as well as palliation of the disease. These methods of treatment are suitable 
for numerous forms of neoplasia, including, but not limited to bladder cancer, 
prostate cancer, liver cancer, breast cancer, colon cancer, melanoma, ovarian 
pancreatic, lung, and brain cancer. 

The presence of neoplasia and the suitability of the individual for receiving 
the methods described herein may be determined by any of the techniques known in 
the art, including diagnostic methods such as imaging techniques, analysis of serum 
tumor markers , and biopsy. 

The various methods of the invention will be described below. Certain 
embodiments of the methods use replication-competent target cell-specific 
adenoviral vectors such as CV706 (prostate specific); CV787(prostate specific); 
CV790(liver specific); CV829(bladder specific); CV884 (bladder specific); 
CV859(melanoma specific); CV873(colon/breast specific); CV890 (liver specific); 
CV874(bladder specific); CV875(bladder specific); CV876(bladder specific); 
CV877(bladder specific) and CV855(melanoma specific), as described herein. A 
summary of the components of these vectors is included in the Examples section as 
Table 4. Although methods of tumor suppression are exemplified in the discussion 
below, it is understood that the alternative methods described above are equally 
applicable and suitable for these methods, and that the endpoints of these methods 
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are measured using methods standard in the art, including the diagnostic and 
assessment methods described above. 

General Techniques 

The practice of the present invention will employ, unless otherwise indicated, 
conventional techniques of molecular biology (including recombinant techniques), 
microbiology, cell biology, biochemistry and immunology, which are within the 
scope of those of skill in the art. Such techniques are explained fully in the 
literature, such as, "Molecular Cloning: A Laboratory Manual", second edition 
(Sambrook et al., 1989); "Oligonucleotide Synthesis" (MX Gait, ed. ? 1984); 
"Animal Cell Culture" (R.L Freshney, ed., 1987); "Methods in Enzymology" 
(Academic Press, Inc.); "Handbook of Experimental Immunology" (D.M. Weir & 
C.C. Blackwell, eds.); "Gene Transfer Vectors for Mammalian Cells" (J.M. Miller & 
M.P. Calos, eds., 1987); "Current Protocols in Molecular Biology" (F.M. Ausubel et 
al, eds., 1987); "PCR: The Polymerase Chain Reaction", (Mullis et al, eds., 1994); 
and "Current Protocols in Immunology" (J.E. Coligan et al., eds., 1991). 

For techniques related to adenovirus, see, inter alia, Feigner and Ringold 
(1989) Nature 337:387-388; Berkner and Sharp (1983) Nucl. Acids Res. 1 1 :6003- 
6020; Graham (1984) EMBOJ. 3:2917-2922; Bett et al (1993) J. Virology 67:5911- 
5921; Bett et al. (1994) Proc. Natl Acad. Set USA 91:8802-8806. 

Definitions 

As used herein, the terms "neoplastic cells", "neoplasia", "tumor", "tumor 
cells", "cancer" and "cancer cells", (used interchangeably) refer to cells which 
exhibit relatively autonomous growth, so that they exhibit an aberrant growth 
phenotype characterized by a significant loss of control of cell proliferation. 
Neoplastic cells can be malignant or benign. 

The terms "antineoplastic agent", "antineoplastic chemotherapeutic agent", 
"chemotherapeutic agent", "antineoplastic" and "chemotherapeutic" are used 
interchangeably herein and refer to chemical compounds or drugs which are used in 
the treatment of cancer e.g., to kill cancer cells and/or lessen the spread of the 
disease. 
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"Radiation therapy" is a term commonly used in the art to refer to multiple 
types of radiation therapy including internal and external radiation therapy, 
radioimmunotherapy, and the use of various types of radiation including X-rays, 
gamma rays, alpha particles, beta particles, photons, electrons, neutrons, 
radioisotopes, and other forms of ionizing radiation. As used herein, the term 
"radiation therapy" is inclusive of all of these types of radiation therapy, unless 
otherwise specified. 

As used herein, "suppressing tumor growth" refers to reducing the rate of 
growth of a tumor, halting tumor growth completely, causing a regression in the size 
of an existing tumor, eradicating an existing tumor and/or preventing the occurrence 
of additional tumors upon treatment with the compositions, kits or methods of the 
present invention. "Suppressing" tumor growth indicates a growth state that is 
curtailed when compared to growth without contact with, i.e., transfection by, an 
adenoviral vector combined with administration of chemotherapeutic agents and 
radiation as described herein. Tumor cell growth can be assessed by any means 
known in the art, including, but not limited to, measuring tumor size, determining 
whether tumor cells are proliferating using a 3 H-thymidine incorporation assay, or 
counting tumor cells. "Suppressing" tumor cell growth means any or all of the 
following states: slowing, delaying, and stopping tumor growth, as well as tumor 
shrinkage. 

"Delaying development" of a tumor means to defer, hinder, slow, retard, 
stabilize, and/or postpone development of the disease. This delay can be of varying 
lengths of time, depending on the history of the disease and/or individual being 
treated. 

As used herein, "synergy" or "synergistic effect" when referring to 
combination administration of adenovirus vector and antineoplastic agent and/or 
radiation means that the effect of the combination is more than additive when 
compared to administration of adenovirus vector, antineoplastic agent or radiation 
alone. 

An "adenovirus vector" or "adenoviral vector" (used interchangeably) 
comprises a polynucleotide construct of the invention. A polynucleotide construct of 
this invention may be in any of several forms, including, but not limited to, DNA, 
DNA encapsulated in an adenovirus coat, DNA packaged in another viral or viral- 
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like form (such as herpes simplex, and AAV), DNA encapsulated in liposomes, 
DNA complexed with polylysine, complexed with synthetic polycationic molecules, 
conjugated with transferrin, and complexed with compounds such as PEG to 
immunologically "mask" the molecule and/or increase half-life, and conjugated to a 
nonviral protein. Preferably, the polynucleotide is DNA. As used herein, "DNA" 
includes not only bases A, T, C, and G, but also includes any of their analogs or 
modified forms of these bases, such as methylated nucleotides, internucleotide 
modifications such as uncharged linkages and thioates, use of sugar analogs, and 
modified and/or alternative backbone structures, such as polyamides. For purposes 
of this invention, adenovirus vectors are replication-competent in a target cell. 

As used herein, a "transcription response element" or "transcriptional 
regulatory element", or "TRE" is a polynucleotide sequence, preferably a DNA 
sequence, which increases transcription of an operably linked polynucleotide 
sequence in a host cell that allows that TRE to function. A TRE can comprise an 
enhancer and/or a promoter. A "transcriptional regulatory sequence" is a TRE. A 
"target cell-specific transcriptional response element" or "target cell-specific TRE" is 
a polynucleotide sequence, preferably a DNA sequence, which is preferentially 
functional in a specific type of cell, that is, a target cell. Accordingly, a target cell- 
specific TRE transcribes an operably linked polynucleotide sequence in a target cell 
that allows the target cell-specific TRE to function. The term "target cell-specific", 
as used herein, is intended to include cell type specificity, tissue specificity, 
developmental stage specificity, and tumor specificity, as well as specificity for a 
cancerous state of a given target cell. "Target cell-specific TRE" includes cell type- 
specific and cell status-specific TRE, as well as "composite" TREs. The term 
"composite TRE" includes a TRE which comprises both a cell type-specific and a 
cell status-specific TRE. A target cell-specific TRE can also include a heterologous 
component, including, for example, an SV40 or a cytomegalovirus (CMV) 
promoter(s). An example of a target cell specific TRE which is tissue specific is a 
CMV TRE which contains both promoters) and enhancer(s). 

As described in more detail herein, a target cell-specific TRE can comprise 
any number of configurations, including, but not limited to, a target cell-specific 
promoter; and target cell-specific enhancer; a heterologous promoter and a target 
cell-specific enhancer; a target cell-specific promoter and a heterologous enhancer; a 

22 



heterologous promoter and a heterologous enhancer; and multimers of the foregoing. 
The promoter and enhancer components of a target cell-specific TRE may be in any 
orientation and/or distance from the coding sequence of interest, as long as the 
desired target cell-specific transcriptional activity is obtained. Transcriptional 
5 activation can be measured in a number of ways known in the art (and described in 

more detail below), but is generally measured by detection and/or quantitation of 
mRNA or the protein product of the coding sequence under control of (i.e., operably 
linked to) the target cell-specific TRE. As discussed herein, a target cell-specific 
TRE can be of varying lengths, and of varying sequence composition. As used 
10 herein, the term "cell status-specific TRE" is preferentially functional, i.e., confers 

transcriptional activation on an operably linked polynucleotide in a cell which allows 
a cell status-specific TRE to function, i.e., a cell which exhibits a particular 
physiological condition, including, but not limited to, an aberrant physiological state. 
5 LI "Cell status" thus refers to a given, or particular, physiological state (or condition) of 

Hi 5 a cell, which is reversible and/or progressive. The physiological state may be 

£ ~; § generated internally or externally; for example, it may be a metabolic state (such as 

^ s in response to conditions of low oxygen), or it may be generated due to heat or 

s ionizing radiation. "Cell status" is distinct from a "cell type", which relates to a 

^~ differentiation state of a cell, which under normal conditions is irreversible. 

fU 20 Generally (but not necessarily), as discussed herein, a cell status is embodied in an 

p aberrant physiological state, examples of which are given below. 

^ A "functional portion" of a target cell-specific TRE is one which confers 

target cell-specific transcription on an operably linked gene or coding region, such 
that the operably linked gene or coding region is preferentially expressed in the 
25 target cells. 

By "transcriptional activation" or an "increase in transcription," it is intended 
that transcription is increased above basal levels in the target cell (i.e., target cell) by 
at least about 2 fold, preferably at least about 5 fold, preferably at least about 10 fold, 
more preferably at least about 20 fold, more preferably at least about 50 fold, more 
30 preferably at least about 100 fold, more preferably at least about 200 fold, even more 

preferably at least about 400 fold to about 500 fold, even more preferably at least 
about 1000 fold. Basal levels are generally the level of activity (if any) in a non- 
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target cell (i.e., a different cell type), or the level of activity (if any) of a reporter 
construct lacking a target cell-specific TRE as tested in a target cell line. 

A "functionally-preserved variant" of a target cell-specific TRE is a target 
cell-specific TRE which differs from another target cell-specific TRE, but still 
retains target cell-specific transcription activity, although the degree of activation 
may be altered (as discussed below). The difference in a target cell-specific TRE can 
be due to differences in linear sequence, arising from, for example, single base 
mutation(s), addition(s), deletion(s), and/or modifications) of the bases. The 
difference can also arise from changes in the sugar(s), and/or linkage(s) between the 
bases of a target cell-specific TRE. For example, certain point mutations within 
sequences of TREs have been shown to decrease transcription factor binding and 
stimulation of transcription. See Blackwood, et al. (1998) Science 281:60-63 and 
Smith et al (1997) J. Biol. Chem. 272:27493-27496. One of skill in the art would 
recognize that some alterations of bases in and around transcription factor binding 
sites are more likely to negatively affect stimulation of transcription and cell- 
specificity, while alterations in bases which are not involved in transcription factor 
binding are not as likely to have such effects. Certain mutations are also capable of 
increasing TRE activity. Testing of the effects of altering bases may be performed in 
vitro or in vivo by any method known in the art, such as mobility shift assays, or 
transfecting vectors containing these alterations in TRE functional and TRE non- 
functional cells. Additionally, one of skill in the art would recognize that point 
mutations and deletions can be made to a TRE sequence without altering the ability 
of the sequence to regulate transcription. 

As used herein, a TRE derived from a specific gene is referred to by the gene 
from which it was derived and is a polynucleotide sequence which regulates 
transcription of an operably linked polynucleotide sequence in a host cell that 
expresses said gene. For example, as used herein, a "human glandular kallikrein 
transcriptional regulatory element", or "hKLK2-TKE" is a polynucleotide sequence, 
preferably a DNA sequence, which increases transcription of an operably linked 
polynucleotide sequence in a host cell that allows an HKLK2-TRE to function, such 
as a cell (preferably a mammalian cell, even more preferably a human cell) that 
expresses androgen receptor, such as a prostate cell. An hKLK2-TKE is thus 
responsive to the binding of androgen receptor and comprises at least a portion of an 
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hKLK2 promoter and/or an hKLK2 enhancer (i.e., the ARE or androgen receptor 
binding site). 

As used herein, a "probasin (PB) transcriptional regulatory element", or "PB- 
TRE" is a polynucleotide sequence, preferably a DNA sequence, which selectively 
increases transcription of an operably-linked polynucleotide sequence in a host cell 
that allows a PB-TKE to function, such as a cell (preferably a mammalian cell, more 
preferably a human cell, even more preferably a prostate cell) that expresses 
androgen receptor. A PB-TKE is thus responsive to the binding of androgen receptor 
and comprises at least a portion of a PB promoter and/or a PB enhancer (i.e., the 
ARE or androgen receptor binding site). 

As used herein, a "prostate-specific antigen (PSA) transcriptional regulatory 
element", or "P&4-TRE", or "FSE-TRE" is a polynucleotide sequence, preferably a 
DNA sequence, which selectively increases transcription of an operably linked 
polynucleotide sequence in a host cell that allows a PSA-TRE to function, such as a 
cell (preferably a mammalian cell, more preferably a human cell, even more 
preferably a prostate cell) that expresses androgen receptor. A PSA-TRE is thus 
responsive to the binding of androgen receptor and comprises at least a portion of a 
PSA promoter and/or a PSA enhancer (i.e., the ARE or androgen receptor binding 
site). 

As used herein, a "carcinoembryonic antigen (CEA) transcriptional regulatory 
element", or "CE4-TRE" is a polynucleotide sequence, preferably a DNA sequence, 
which selectively increases transcription of an operably linked polynucleotide 
sequence in a host cell that allows a CEA-TRE to function, such as a cell (preferably 
a mammalian cell, even more preferably a human cell) that expresses CEA. The 
CEA-TRE is responsive to transcription factors and/or co-factor(s) associated with 
CEA-producing cells and comprises at least a portion of the CEA promoter and/or 
enhancer. 

As used herein, an "a-fetoprotein (AFP) transcriptional regulatory element", 
or "AFP-TRE" is a polynucleotide sequence, preferably a DNA sequence, which 
selectively increases transcription (of an operably linked polynucleotide sequence) in 
a host cell that allows an AFP-TRE to function, such as a cell (preferably a 
mammalian cell, even more preferably a human cell) that expresses AFP. The AFP- 
TRE is responsive to transcription factors and/or co-factor(s) associated with AFP- 
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producing cells and comprises at least a portion of the AFP promoter and/or 
enhancer. 

As used herein, an "a mucin gene (MUQ transcriptional regulatory element", 
or "M7C7-TRE" is a polynucleotide sequence, preferably a DNA sequence, which 
selectively increases transcription (of an operably-linked polynucleotide sequence) in 
a host cell that allows a MUC1-TKE to function, such as a cell (preferably a 
mammalian cell, even more preferably a human cell) that expresses MUCL The 
MUC1-TKE is responsive to transcription factors and/or co-factor(s) associated with 
MUC1 -producing cells and comprises at least a portion of the MUC1 promoter 
and/or enhancer. 

As used herein, a "urothelial cell-specific transcriptional response element", 
or "urothelial cell-specific TRE" is polynucleotide sequence, preferably a DNA 
sequence, which increases transcription of an operably linked polynucleotide 
sequence in a host cell that allows a urothelial-specific TRE to function, i.e., a target 
cell. A variety of urothelial cell-specific TREs are known, are responsive to cellular 
proteins (transcription factors and/or co-factor(s)) associated with urothelial cells, 
and comprise at least a portion of a urothelial-specific promoter and/or a urothelial- 
specific enhancer. Methods are described herein for measuring the activity of a 
urothelial cell-specific TRE and thus for determining whether a given cell allows a 
urothelial cell-specific TRE to function. 

As used herein, a "melanocyte cell-specific transcriptional response 
element", or "melanocyte cell-specific TRE" is polynucleotide sequence, preferably 
a DNA sequence, which increases transcription of an operably linked polynucleotide 
sequence in a host cell that allows a melanocyte-specific TRE to function, i.e., a 
target cell. A variety of melanocyte cell-specific TREs are known, are responsive to 
cellular proteins (transcription factors and/or co-factor(s)) associated with 
melanocyte cells, and comprise at least a portion of a melanocyte-specific promoter 
and/or a melanocyte-specific enhancer. Methods are described herein for measuring 
the activity of a melanocyte cell-specific TRE and thus for determining whether a 
given cell allows a melanocyte cell-specific TRE to function. 

As used herein, a target cell-specific TRE can comprise any number of 
configurations, including, but not limited to, a target cell-specific promoter; a target 
cell-specific enhancer; a target cell-specific promoter and a target cell-specific 
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enhancer; a target cell-specific promoter and a heterologous enhancer; a 
heterologous promoter and a target cell-specific enhancer; and multimers of the 
foregoing. The promoter and enhancer components of a target cell-specific TRE 
may be in any orientation and/or distance from the coding sequence of interest, as 
long as the desired target cell-specific transcriptional activity is obtained. 
Transcriptional activation can be measured in a number of ways known in the art 
(and described in more detail below), but is generally measured by detection and/or 
quantitation of mRNA or the protein product of the coding sequence under control of 
(i.e., operably linked to) the target cell-specific TRE. 

As used herein, an "internal ribosome entry site" or "IRES" refers to an 
element that promotes direct internal ribosome entry to the initiation codon, such as 
ATG, of a cistron (a protein encoding region), thereby leading to the cap- 
independent translation of the gene. Jackson RJ, Howell MT, Kaminski A (1990) 
Trends Biochem Sci 15(12):477-83) and Jackson RJ and Kaminski, A. (1995) RNA 
1(10):985-1000). The present invention encompasses the use of any IRES element 
which is able to promote direct internal ribosome entry to the initiation codon of a 
cistron. "Under translational control of an IRES" as used herein means that 
translation is associated with the IRES and proceeds in a cap-independent manner. 
Examples of "IRES" known in the art include, but are not limited to IRES obtainable 
from picornavirus (Jackson et al., 1990, Trends Biochem Sci 15(12):477-483); and 
IRES obtainable from viral or cellular mRNA sources, such as for example, 
immunogloublin heavy-chain binding protein (BiP), the vascular endothelial growth 
factor (VEGF) (Huez et al. (1998) Mol Cell Biol 18(11):6178-6190), the fibroblast 
growth factor 2, and insulin-like growth factor, the translational initiation factor 
eIF4G, yeast transcription factors TFIID and HAP4. IRES have also been reported 
in different viruses such as cardiovirus, rhinoviras, aphthovirus, HCV, Friend murine 
leukemia virus (FrMLV) and Moloney murine leukemia virus (MoMLV). As used 
herein, "IRES" encompasses functional variations of IRES sequences as long as the 
variation is able to promote direct internal ribosome entry to the initiation codon of a 
cistron. In preferred embodiments, the IRES is mammalian. In other embodiments, 
the IRES is viral or protozoan. In one illustrative embodiment disclosed herein, the 
IRES is obtainable from encephelomycarditis virus (ECMV) (commercially 
available from Novogen, Duke et al. (1992) J. Virol 66(3): 1602-1609). In another 
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illustrative embodiment disclosed herein, the IRES is from VEGF. Table I and Table 
II disclose a variety of IRES sequences useful in the present invention. In some 
embodiments, an adenovirus vector comprising an IRES exhibits greater specificity 
for the target cell than an adenovirus vector comprising a target cell-specific TRE 
5 operably linked to a gene and lacking an IRES. In some embodiments, specificity is 

conferred by preferential transcription and/or translation of the first and second genes 
due to the presence of a target cell specific TRE. In other embodiments, specificity 
is conferred by preferential replication of the adenovirus vectors in target cells due to 
the target cell-specific TRE driving transcription of a gene essential for replication. 
10 A "multicistronic transcript" refers to an mRNA molecule which contains 

more than one protein coding region, or cistron. A mRNA comprising two coding 
regions is denoted a "bicistronic transcript." The "5 '-proximal" coding region or 
cistron is the coding region whose translation initiation codon (usually AUG) is 
% closest to the 5 '-end of a multicistronic mRNA molecule. A "5 '-distal 5 ' coding 

Cll5 region or cistron is one whose translation initiation codon (usually AUG) is not the 

j:: closest initiation codon to the 5' end of the mRNA. The terms "5 '-distal" and 

jy! "downstream" are used synonymously to refer to coding regions that are not adjacent 

H to the 5 ' end of a mRNA molecule. 

□ As used herein, "co-transcribed" means that two (or more) coding regions of 

'0 polynucleotides are under transcriptional control of single transcriptional control 

H element. 

12 A "gene" refers to a coding region of a polynucleotide. A "gene" may or 

may not include non-coding sequences and/or regulatory elements. 

"Replicating preferentially", as used herein, means that the adenovirus 

25 replicates more in a target cell than a non-target cell. Preferably, the adenovirus 

replicates at a significantly higher rate in target cells than non target cells; preferably, 
at least about 2-fold higher, preferably, at least about 5-fold higher, more preferably, 
at least about 10-fold higher, still more preferably at least about 50-fold higher, even 
more preferably at least about 100-fold higher, still more preferably at least about 

30 400- to 500-fold higher, still more preferably at least about 1000-fold higher, most 

preferably at least about 1 x 10 6 higher. Most preferably, the adenovirus replicates 
solely in the target cells (that is, does not replicate or replicates at a very low levels 
in non-target cells). 
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As used herein, the term "vector" refers to a polynucleotide construct 
designed for transduction/transfection of one or more cell types. Vectors may be, for 
example, "cloning vectors" which are designed for isolation, propagation and 
replication of inserted nucleotides, "expression vectors" which are designed for 
expression of a nucleotide sequence in a host cell, or a "viral vector" which is 
designed to result in the production of a recombinant virus or virus-like particle, or 
"shuttle vectors", which comprise the attributes of more than one type of vector. 

The terms "polynucleotide" and "nucleic acid", used interchangeably herein, 
refer to a polymeric form of nucleotides of any length, either ribonucleotides or 
deoxyribonucleotides. These terms include a single-, double- or triple-stranded 
DNA, genomic DNA, cDNA, RNA, DNA-RNA hybrid, or a polymer comprising 
purine and pyrimidine bases, or other natural, chemically, biochemically modified, 
non-natural or derivatized nucleotide bases. The backbone of the polynucleotide can 
comprise sugars and phosphate groups (as may typically be found in RNA or DNA), 
or modified or substituted sugar or phosphate groups. Alternatively, the backbone of 
the polynucleotide can comprise a polymer of synthetic subunits such as 
phosphoramidates and thus can be a oligodeoxynucleoside phosphoramidate (P- 
NH2) or a mixed phosphoramidate- phosphodiester oligomer. Peyrottes et al. (1996) 
Nucleic Acids Res. 24: 1841-8; Chaturvedi et al. (1996) Nucleic Acids Res. 24: 2318- 
23; Schultz et al (1996) Nucleic Acids Res. 24: 2966-73. A phosphorothioate 
linkage can be used in place of a phosphodiester linkage. Braun et al. (1988) J. 
Immunol. 141: 2084-9; Latimer et al. (1995) Molec. Immunol 32: 1057-1064. In 
addition, a double-stranded polynucleotide can be obtained from the single stranded 
polynucleotide product of chemical synthesis either by synthesizing the 
complementary strand and annealing the strands under appropriate conditions, or by 
synthesizing the complementary strand de novo using a DNA polymerase with an 
appropriate primer. Reference to a polynucleotide sequence (such as referring to a 
SEQ ID NO) also includes the complement sequence. 

The following are non-limiting examples of polynucleotides: a gene or gene 
fragment, exons, introns, mRNA, tRNA, rRNA, ribozymes, cDNA, recombinant 
polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any 
sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A 
polynucleotide may comprise modified nucleotides, such as methylated nucleotides 
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and nucleotide analogs, uracyl, other sugars and linking groups such as fluororibose 
and thioate, and nucleotide branches. The sequence of nucleotides may be 
interrupted by non-nucleotide components. A polynucleotide may be further 
modified after polymerization, such as by conjugation with a labeling component. 
Other types of modifications included in this definition are caps, substitution of one 
or more of the naturally occurring nucleotides with an analog, and introduction of 
means for attaching the polynucleotide to proteins, metal ions, labeling components, 
other polynucleotides, or a solid support. Preferably, the polynucleotide is DNA. As 
used herein, "DNA" includes not only bases A, T, C, and G, but also includes any of 
their analogs or modified forms of these bases, such as methylated nucleotides, 
internucleotide modifications such as uncharged linkages and thioates, use of sugar 
analogs, and modified and/or alternative backbone structures, such as polyamides. 

A polynucleotide or polynucleotide region has a certain percentage (for 
example, 80%, 85%, 90%, or 95%) of "sequence identity" to another sequence 
means that, when aligned, that percentage of bases are the same in comparing the 
two sequences. This alignment and the percent homology or sequence identity can 
be determined using software programs known in the art, for example those 
described in Current Protocols in Molecular Biology (F.M. Ausubel et al., eds., 
1987) Supplement 30, section 7.7.18. A preferred alignment program is ALIGN 
Plus (Scientific and Educational Software, Pennsylvania), preferably using default 
parameters, which are as follows: mismatch = 2; open gap = 0; extend gap = 2. 

"Under transcriptional control" is a term well understood in the art and 
indicates that transcription of a polynucleotide sequence, usually a DNA sequence, 
depends on its being operably (operatively) linked to an element which contributes to 
the initiation of, or promotes, transcription. "Operably linked" refers to a 
juxtaposition wherein the elements are in an arrangement allowing them to function. 

An "E3 region" (used interchangeably with "E3") is a term well understood 
in the art and means the region of the adenoviral genome that encodes the E3 
products (discussed herein). Generally, the E3 region is located between about 
28583 and 30470 of the adenoviral genome. The E3 region has been described in 
various publications, including, for example, Wold et al. (1995) Curr. Topics 
Microbiol Immunol 199:237-274. 
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A "portion" of the E3 region means less than the entire E3 region, and as 
such includes polynucleotide deletions as well as polynucleotides encoding one or 
more polypeptide products of the E3 region. As used herein, "cytotoxicity" is a term 
well understood in the art and refers to a state in which a cell's usual biochemical or 
biological activities are compromised (i.e., inhibited). These activities include, but 
are not limited to, metabolism; cellular replication; DNA replication; transcription; 
translation; uptake of molecules. "Cytotoxicity" includes cell death and/or cytolysis. 
Assays are known in the art which indicate cytotoxicity, such as dye exclusion, H- 
thymidine uptake, and plaque assays. 

An "E1B 19-kDa region" (used interchangeably with "E1B 19-kDa genomic 
region") refers to the genomic region of the adenovirus E1B gene encoding the E1B 
19-kDa product. According to wild-type Ad5 , the E1B 19-kDa region is a 261bp 
region located between nucleotide 1714 and nucleotide 2244. The E1B 19-kDa 
region has been described in, for example, Rao et ai 9 Proa Natl. Acad. Scl USA, 
89:11A2-11A6. The present invention encompasses deletion of part or all of the E1B 
19-kDa region as well as embodiments wherein the E1B 19-kDa region is mutated, 
as long as the deletion or mutation lessens or eliminates the inhibition of apoptosis 
associated with ElB-19kDa. 

The term "selective cytotoxicity", as used herein, refers to the cytotoxicity 
conferred by an adenovirus vector of the present invention on a cell which allows or 
induces a target cell-specific TRE to function (a target cell) when compared to the 
cytotoxicity conferred by an adenoviral vector of the present invention on a cell 
which does not allow a target cell-specific TRE to function (a non-target cell). Such 
cytotoxicity may be measured, for example, by plaque assays, by reduction or 
stabilization in size of a tumor comprising target cells, or the reduction or 
stabilization of serum levels of a marker characteristic of the tumor cells, or a tissue- 
specific marker, e.g., a cancer marker. 

In the context of adenovirus, a "heterologous polynucleotide" or 
"heterologous gene" or "transgene" is any polynucleotide or gene that is not present 
in wild-type adenovirus. Preferably, the transgene will also not be expressed or 
present in the target cell prior to introduction by the adenovirus vector. Examples of 
preferred transgenes are provided below. 
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In the context of adenovirus, a "heterologous" promoter or enhancer is one 
which is not associated with or derived from an adenovirus gene. 

In the context of adenovirus, an "endogenous" promoter, enhancer, or TRE is 
native to or derived from adenovirus. In the context of promoter, an "inactivation" 
means that there is a mutation of or deletion in part or all of the of the endogenous 
promoter, ie, a modification or alteration of the endogenous promoter, such as, for 
example, a point mutation or insertion, which disables the function of the promoter. 

In the context of a target cell-specific TRE, a "heterologous" promoter or 
enhancer is one which is derived from a gene other than the gene from which a 
reference target cell-specific TRE is derived. 

A "host cell" includes an individual cell or cell culture which can be or has 
been a recipient of an adenoviral vector(s) of this invention. Host cells include 
progeny of a single host cell, and the progeny may not necessarily be completely 
identical (in morphology or in total DNA complement) to the original parent cell due 
to natural, accidental, or deliberate mutation and/or change. A host cell includes 
cells transfected or infected in vivo or in vitro with an adenoviral vector of this 
invention. 

"Replication" and "propagation" are used interchangeably and refer to the 
ability of an adenovirus vector of the invention to reproduce or proliferate. These 
terms are well understood in the art. For purposes of this invention, replication 
involves production of adenovirus proteins and is generally directed to reproduction 
of adenovirus. Replication can be measured using assays standard in the art and 
described herein, such as a burst assay or plaque assay. "Replication" and 
"propagation" include any activity directly or indirectly involved in the process of 
virus manufacture, including, but not limited to, viral gene expression; production of 
viral proteins, nucleic acids or other components; packaging of viral components into 
complete viruses; and cell lysis. 

An "ADP coding sequence" is a polynucleotide that encodes ADP or a 
functional fragment thereof. In the context of ADP, a "functional fragment" of ADP 
is one that exhibits cytotoxic activity, especially cell lysis, with respect to adenoviral 
replication. Ways to measure cytotoxic activity are known in the art and are 
described herein. 
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A polynucleotide that "encodes" an ADP polypeptide is one that can be 
transcribed and/or translated to produce an ADP polypeptide or a fragment thereof. 
The anti-sense strand of such a polynucleotide is also said to encode the sequence. 

An "ADP polypeptide" is a polypeptide containing at least a portion, or 
region, of the amino acid sequence of an ADP and which displays a function 
associated with ADP, particularly cytotoxicity, more particularly, cell lysis. As 
discussed herein, these functions can be measured using techniques known in the art. 
It is understood that certain sequence variations may be used, due to, for example, 
conservative amino acid substitutions, which may provide ADP polypeptides. 

"Androgen receptor," or AR, as used herein refers to a protein whose 
function is to specifically bind to androgen and, as a consequence of the specific 
binding, recognize and bind to an androgen response element (ARE), following 
which the AR is capable of regulating transcriptional activity. The AR is a nuclear 
receptor that, when activated, binds to cellular androgen-responsive element(s). In 
normal cells the AR is activated by androgen, but in non-normal cells (including 
malignant cells) the AR may be activated by non-androgenic agents, including 
hormones other than androgens. Encompassed in the term "androgen receptor" are 
mutant forms of an androgen receptor, such as those characterized by amino acid 
additions, insertions, truncations and deletions, as long as the function is sufficiently 
preserved. Mutants include androgen receptors with amino acid additions, 
insertions, truncations and deletions, as long as the function is sufficiently preserved. 
In this context, a functional androgen receptor is one that binds both androgen and, 
upon androgen binding, an ARE. 

A polynucleotide sequence that is "depicted in" a SEQ ID NO means that the 
sequence is present as an identical contiguous sequence in the SEQ ID NO. The 
term encompasses portions, or regions of the SEQ ID NO as well as the entire 
sequence contained within the SEQ ID NO. 

A "biological sample" encompasses a variety of sample types obtained from 
an individual and can be used in a diagnostic or monitoring assay. The definition 
encompasses blood and other liquid samples of biological origin, solid tissue 
samples such as a biopsy specimen or tissue cultures or cells derived therefrom, and 
the progeny thereof. The definition also includes samples that have been 
manipulated in any way after their procurement, such as by treatment with reagents, 
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solubilization, or enrichment for certain components, such as proteins or 
polynucleotides. The term "biological sample" encompasses a clinical sample, and 
also includes cells in culture, cell supernatants, cell lysates, serum, plasma, 
biological fluid, and tissue samples. 

An "individual" is a vertebrate, preferably a mammal, more preferably a 
human. Mammals include, but are not limited to, farm animals, sport animals, 
rodents, primates, and pets. 

An "effective amount" is an amount sufficient to effect beneficial or desired 
results, including clinical results. An effective amount can be administered in one or 
more administrations. For purposes of this invention, an effective amount of an 
adenoviral vector is an amount that is sufficient to palliate, ameliorate, stabilize, 
reverse, slow or delay the progression of the disease state. 

A given TRE is "derived from" a given gene if it is associated with that gene 
in nature. 

"Expression" includes transcription and/or translation. 

As used herein, the term "comprising" and its cognates are used in their 
inclusive sense; that is, equivalent to the term "including" and its corresponding 
cognates. 

"A," "an" and "the" include plural references unless the context clearly 
dictates otherwise. 

Combination Adenoviral and Chemotherapeutic Therapy 

Embodiments of the present invention include methods for the administration 
of combinations of a target cell-specific adenoviral vector and at least one 
antineoplastic agent(s) to an individual with neoplasia. The antineoplastic agent 
includes those listed in Table L These include agents from each of the major classes 
of chemotherapeutics, including but not limited to: alkylating agents, alkaloids, 
antimetabolites, anti-tumor antibiotics, nitrosoureas, hormonal agonists/antagonists 
and analogs, immunomodulators, photosensitizers, enzymes and others. In some 
embodiments, the antineoplastic is an alkaloid, an antimetabolite, an antibiotic or an 
alkylating agent. In certain embodiments the antineoplastic agents include, for 
example, thiotepa, interferon alpha-2a, and the M-VAC combination (methotrexate- 
vinblastine, doxorubicin, cyclophosphamide). Preferred antineoplastic agents 
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include, for example, 5-fluorouracil, cisplatin, 5-azacytidine, and gemcitabine. 
Particularly preferred embodiments include, but are not limited to, doxorubicin, 
estramustine, etoposide, mitoxantrone, docetaxel (TAXOTERE™), paclitaxel 
(TAXOL™), and mitomycin C. 



Table 1: Antineoplastic Agents 
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This section provides exemplary non-inclusive vector and chemotherapeutic 
ffi combinations. The adenoviral vector used in the methods described herein is 

J: generally a replication-competent, target-cell specific adenoviral vector comprising 

an adenovirus gene essential for replication under transcriptional control of a TRE, 
s i embodiments of which are described infra. In some embodiments, the gene essential 

O for replication in the adenoviral vector is an early gene, preferably El A and/or E1B. 

jj{ In some embodiments the El A and E1B genes are under transcriptional of identical 

H TREs. In other embodiments El A and E1B genes are under transcriptional control 

Ito of non-identical (or heterologous) TREs. In some embodiments, the adenovirus 

vector comprises a transgene. In other embodiments, the adenovirus vector 
comprises ADP. In some embodiments, the adenovirus vector contains an E3 region. 

In other embodiments, the adenovirus vectors comprise co-transcribed first 
and second genes under transcriptional control of a heterologous, target cell-specific 
1 5 transcriptional regulatory element (TRE), wherein the second gene is under 

translational control of an internal ribosome entry site (IRES). 

The choice of adenoviral vector is primarily determined by the identity of the 
target cells and therefore the type of cancer to be treated. As explained below in 
detail, an adenoviral vector comprising a PSA-TRE, PB-TRE, or hKLK2-TRE would 
20 preferentially replicate in prostate cells; an adenoviral vector comprising a CEA- 

TRE would preferentially replicate in colorectal, gastric, pancreatic, breast and lung 
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cells; an AFP-TRE would preferentially replicate in hepatoma cells, or liver tumors; 
a urothelial cell-specific TRE (such as uroplakin) would preferentially replicate in 
bladder cells; a MUC-TRE would preferentially replicate in breast cells; a 
melanocyte specific TRE (such as tyrosinase) would preferentially replicate in 
melanoma cells. 

Certain combinations of adenoviral vector and chemotherapeutic are 
particularly effective for the treatment of particular types of cancer using the 
methods described above. Based on our in vitro studies, not all combinations of 
target cell-specific adenoviral vector and chemotherapeutic result in synergy. As 
shown in Tables 5 and 6 in Examples 1 and 2, gemcitabine used with CV790 (a 
liver-specific virus with El A and E1B under transcriptional control of two identical 
AFP-TREs) results in synergy. However, when gemcitabine is used with CV787 (a 
prostate-specific virus with El A under transcriptional control of a PB-TRE and E1B 
under transcriptional control of a PSE-TRE), synergy is not observed. 5-fluorouracil 
used with prostate-specific adenovirus CV787 results in synergy, but when used with 
liver-specific adenovirus CV790, synergy is not observed. In another embodiment 
disclosed herein, CV884 used with doxorubicin provides synergistic effect. 

For example, with respect to treatment of prostate tumors, a replication- 
competent adenovirus in which a gene essential for replication, preferably one or 
more early genes, is under transcriptional control of a prostate specific TRE, as 
discussed below, may be used in conjunction with an antineoplastic agent that is in 
the alkaloid, antimetabolite, antibiotic, or alkylating agent class of antineoplastics. 
Preferred examples of antineoplastic agents include doxorubicin, mitoxantrone, 
paclitaxel, estramustine, etoposide and docetaxel. Additional examples of 
antineoplastic agents include, 5-fluorouracil or cisplatin. 

In some embodiments of the adenovirus vector, El A is under transcriptional 
control of a prostate specific TRE. In other embodiments E1B is under 
transcriptional control of a prostate specific TRE. In yet other embodiments, both 
El A and E1B are under transcriptional control of prostate specific TREs, which may 
or may not be the same sequence. An example of a suitable prostate specific 
replication-competent adenoviral vector is one comprising probasin (PB)-TRE 
controlling transcription of El A, and PSE-TRE controlling transcription of E1B, 
such as CV787 as described in the examples. Particularly preferred embodiments 
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include administration of the combination of 5-fluorouracil with a prostate specific 
adenoviral vector in which a PSA-TRE controls transcription of El A. An example 
of a suitable adenoviral vector is CV706. 

In some embodiments, a prostate specific adenoviral vector comprising El A 
and E1B under transcriptional control of two non-identical prostate specific TREs, is 
administered in conjunction with any of the following antineoplastic agents: 
paclitaxel; docetaxel; cisplatin; doxorubicin; estramustine; etoposide; mitoxantrone; 
and 5-fluorouracil. In some embodiments, the prostate specific TRE controlling 
transcription of El A and the prostate specific TRE controlling transcription of E1B 
are heterologous (i.e., of different sequence) with respect to each other. In some 
embodiments, the prostate specific TRE controlling transcription of El A is derived 
from probasin (PB) and the prostate specific TRE controlling transcription of E1B is 
derived from prostate specific antigen (PSA). In other embodiments, the prostate 
specific TRE controlling transcription of El A is derived from PSA, and the prostate 
specific TRE controlling transcription of E1B is derived from probasin. PSA- 
derived and PB-derived TREs are described herein. In some embodiments, the 
adenoviral vector is CV787. In some embodiments, an IRES is translationally linked 
to an adenovirus gene essential for replication, such as E1B and in preferred 
embodiments, E1B has its endogenous promoter deleted and the IRES and E1B are 
in frame. In other embodiments, the 19-kDa region of El B is deleted. 

Preferably, the prostate specific adenovirus vectors used in these methods 
also contains an E3 region, as described herein. For example, CV787 contains an E3 
region. 

With respect to liver tumors (hepatoma), any liver cell specific adenoviral 
vector may be used with the chemotherapeutic agents described herein. Preferably, 
the TRE is derived from AFP. The liver specific adenovirus vectors may be used 
with chemotherapeutic agents from any of the following classes: antimetabolites 
(especially DNA damaging agents); alkylating agents (especially platinum 
containing agents); antibiotics; alkaloids. Preferably, the chemotherapeutic agent is 
an antibiotic such as doxorubicin, mitoxantrone, or mitomycin-C. In some 
embodiments, the chemotherapeutic agent is paclitaxel , 5-azacytidine, gemcitabine, 
etoposide, or cisplatin. In some embodiments, E1A is under transcriptional control 
of an AFP-TRE. In other embodiments, E1B is under transcriptional control of an 

39 



AFP-TRE. In yet other embodiments, El A and E1B are under transcriptional 
control of two AFP-TREs (which may be identical or non-identical). These vectors 
may or may not contain an E3 region. In some embodiments, El A and El B are co- 
transcribed and under transcriptional control of an AFP-TRE, and E1B is under 
translational control of an IRES (with E1B promoter preferably deleted and 
preferably with the IRES and E1B in frame). In other embodiments, the 19-kDa 
region of E1B is deleted. 

An example of a suitable vector is CV790, in which El A and El B are each 
under transcriptional control of identical AFP-TREs, and which further comprises an 
E3 region. Another example of a suitable vector is CV890, in which El A and E1B 
are co-transcribed and under transcriptional control of an AFP-TRE wherein E1B is 
under translational control of an IRES. Vectors such as these have displayed in vivo 
synergy in conjunction with doxorubicin. Accordingly, in some embodiments, the 
target cell-specific adenoviral vector has El A under transcriptional control of an 
AFP-TRE and E1B under translational control of an IRES, and further comprising an 
E3 region (such as CV890), and the antineoplastic is chosen from the antibiotic class 
of agents. Preferably, the antineoplastic is doxorubicin. 

With respect to bladder tumors, any bladder cell specific adenoviral vector 
may be used with the chemotherapeutic agents described herein. Preferably, the 
TRE is derived from uroplakin. The bladder specific adenovirus vectors may be 
used with chemotherapeutic agents from any of the following classes: 
antimetabolites (especially DNA damaging agents); alkylating agents (especially 
platinum containing agents); antibiotics; alkaloids, hormone antagonists/agonists and 
analogs and immunomodulators. Preferably, the chemotherapeutic agent is an 
antibiotic such as doxorubicin, mitoxantrone, bleomycin, valrubicin, or mitomycin 
C. In some embodiments, the chemotherapeutic agent is paclitaxel , etoposide, 
docetaxel, gemcitabine, 5-fluorouracil, vinblastine, ifosfamide, thiotepa, interferon 
alpha-2a, methotrexate, goserelin, leuprolide, gallium nitrate, cyclophosphamide, 
vincristine, carboplatin or cisplatin. Preferably the chemotherapeutic agent is 
cisplatin, thiotepa, mitomycin C, or interferon alpha-2a. In some embodiments, El A 
is under transcriptional control of an uroplakin-TRE, In other embodiments, E1B is 
under transcriptional control of uroplakin-TRE. In yet other embodiments, El A and 
E1B are under transcriptional control of uroplakin-TREs (which may be identical or 
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non-identical). Examples of suitable vectors include CV829 and CV877, in which 
El A and E IB are each under transcriptional control of heterologous uroplakin- 
derived TREs, and which further comprise an E3 region. These vectors may or may 
not contain an E3 region. In some embodiments of the vector, El A and E1B are co- 
transcribed and under transcriptional control of an uroplakin-TRE, and E1B is under 
translational control of an IRES (with the E1B promoter preferably deleted and 
preferably IRES and E1B are in frame). In other embodiments, the 19-kDa region 
of El B is deleted. These vectors may or may not contain an E3 region. Examples of 
vectors include CV874, CV875 and CV876, which comprise an E3 region. Another 
example includes CV884. 

With respect to colorectal or breast tumors, any colorectal or breast cell 
specific adenoviral vector may be used with the chemotherapeutic agents described 
herein. Preferably, the TRE is derived from CEA. The colorectal or breast specific 
adenovirus vectors may be used with chemotherapeutic agents from any of the 
following classes: antimetabolites (especially DNA damaging agents); alkylating 
agents (especially platinum containing ); antibiotics; alkaloids; hormone 
antagonists/agonists and analogs (especially anti-estrogens). Preferably, the 
chemotherapeutic agent is an antibiotic such as doxorubicin, mitoxantrone, 
epirubicin, or mitomycin-C. In some embodiments, the chemotherapeutic agent is 
paclitaxel, 5-fluorouracil, thiotepa, goserelin, exemestane, methotrexate, irinotecan, 
edatrexate, letrozole, leuprolide, cyclophosphamide, vinblastine, prednisone, 
docetaxel, paclitaxel, or cisplatin. Preferably the chemotherapeutic agent is a 
hormone or hormone analog anti-estrogen such as tamoxifen, anastrozole, 
exemestane or letrozole. In some embodiments, El A is under transcriptional control 
of an CEA-TRE. In other embodiments, E1B is under transcriptional control of an 
CEA-TRE. In yet other embodiments, El A and E1B are each under transcriptional 
control of CEA-TREs (which may be identical or non-identical). These vectors may 
or may not contain an E3 region. In some embodiments, El A is co-transcribed with 
E1B and under transcriptional control of an CEA-TRE, and E1B is under 
translational control of an IRES (with the E1B promoter preferably deleted and 
preferably IRES and E1B are in frame). In other embodiments, the 19-kDa region 
of E IB is deleted. These vectors may or may not contain an E3 region. An example 
of a suitable vector is CV873, in which El A is under transcriptional control of a 
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CEA-TRE and E1B is under translational control of an IRES, and which further 
comprises an E3 region. 

With respect to melanoma, any melanoma specific adenoviral vector may be 
used with the chemotherapeutic agents described herein. Preferably, the TRE is 
derived from tyrosinase. The melanoma specific adenovirus vectors may be used 
with chemotherapeutic agents from any of the following classes: antimetabolites 
(especially DNA damaging agents); alkylating agents (especially platinum 
containing agents); antibiotics; alkaloids, hormone antagonists/agonists and analogs, 
nitrosoureas. In some embodiments, the chemotherapeutic agent is 5-fluorouracil, 
gemcitabine, doxorubicin, miroxantrone, mitomycin, dacarbazine, carmustine, 
vinblastine, lomustine, tamoxifen, docetaxel, paclitaxel or cisplatin. Li some 
embodiments, El A is under transcriptional control of a tyrosinase-TRE. In other 
embodiments, E1B is under transcriptional control of a tyrosinase-TRE. In yet other 
embodiments, El A and E1B are each under transcriptional control of a 
tyrosinase-TREs (which may be identical or non-identical). These vectors may or 
may not contain an E3 region. In some embodiments, El A is co-transcribed with 
E1B and under transcriptional control of a tyrosinase-TRE, and E1B is under 
translational control of an IRES (with the E1B promoter preferably deleted and 
preferably IRES and E1B are in frame). In other embodiments, the 19-kDa region 
of E1B is deleted. These vectors may or may not contain an E3 region. An example 
is CV859, having El A co-transcribed with E1B and under transcriptional control of 
a tyrosinase-TRE and E1B under translational control of an IRES and an intact E3 
region. 

The specific choice of both the target cell-specific adenoviral vector and the 
chemotherapeutic agent(s) is dependent upon, inter alia, the characteristics of the 
disease to be treated. These characteristics include, but are not limited to, the type of 
cancer, location of the tumor, identity of the target cell, stage of the disease and the 
individual's response to previous treatments, if any. It is well established that certain 
antineoplastic agents are more efficacious for certain types of cancer than others, for 
instance the use of tamoxifen in the treatment of breast cancer, the use of 
mitoxantrone or estramustine to treat prostate tumors or the use of doxorubicin and 
5-fluorouracil to treat hepatoma. 
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In addition to the use of single antineoplastic agents in combination with a 
particular adenoviral vector, the invention also includes the use of more than one 
agent in conjunction with an adenoviral vector. Table 2 lists non-limiting examples 
of common combinations of antineoplastic agents. These combinations of 
antineoplastics when used to treat neoplasia are often referred to as combination 
chemotherapy and are often part of a combined modality treatment which may also 
include surgery and/or radiation, depending on the characteristics of an individual's 
cancer. It is contemplated that the combined adenoviral/chemotherapy of the present 
invention can also be used as part of a combined modality treatment program. 
Preferred combinations of chemotherapeutic agents include, but are not limited to, 
doxorubicin and cisplatin; doxorubicin; and mitomycin C; doxorubicin and 
mitoxantrone; and doxorubicin and paclitaxel (TAXOL™). In some embodiments, 
these combinations are used with an adenovirus specific for AFP producing cells, 
such as liver cells. An example of a suitable vector is CV790. 

In other embodiments, preferred combinations of chemotherapeutic agents 
include, but are not limited to, mitoxantrone and estramustine; paclitaxel 
(TAXOL™) and estramustine; and docetaxel (TAXOTERE™) and estramustine. In 
some embodiments, these combinations are used with an adenovirus specific for 
prostate cells, such as adenoviruses containing PSA-TRE, hKLK-TRE or PB-TRE. 
Examples of such adenoviruses include CV787 and CV706. 

In other embodiments, preferred combinations of chemotherapeutic agents 
include, but are not limited to M-V AC (methotrexate-vinblastine, doxorubicin, 
cyclophosphamide), CISCA (cyclophosphamide, doxorubicin, cisplatin), CMV 
(cisplatin, methotrexate, vinblastine), CAP (cyclophosphamide, doxorubicin, 
cisplatin), or MVMJ (methotrexate, vinblastine, mitoxantrone, carboplatin). In some 
embodiments, these combinations are used with an adenovirus specific for bladder 
cells, such as those containing a uroplakin TRE. Examples of such adenoviruses 
include vectors such as CV829, CV874, CV875, CV876, CV877, and CV884 
described herein. 

In other embodiments, preferred combinations include DBPT (dacarbazine, 
cisplatin, carmustine, tamoxifen), VDD (vinblastine, dacarbazine, cisplatin). In 
some embodiments these combinations are used with adenovirus vectors specific for 
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melanoma, such as those containing a tyrosinase-TREs. An example of a suitable 
vector is CV859, described herein. 

In other embodiments preferred combinations include levamisole and 5- 
fluorouracil or leucovorin and fluorouracil. In particular embodiments these 
combinations can be used with colorectal specific adenoviral vectors, such as those 
containing a CEA-TRE. An example of a vector is CV873, described herein . 

In other embodiments preferred combinations include CAF 
(cyclophosphamide, doxorubicin, 5 -fluorouracil), CMF (cyclophosphamide, 
methotrexate, 5-fluorouracil), CNF (cyclophosphamide, mitoxantrone, 5- 
fluorouracil), FAC (5-fluorouracil, doxorubicin, cyclophosphamide), MF 
(methotrexate, 5-fluorouracil, leucovorin), MV (mitomycin C, vinblastine), CMFP 
(cyclophosphamide, methotrexate, 5-fluorouracil, prednisone), VATH (vinblastine, 
doxorubicin, thiotepa, fluoxymesterone). In particular embodiments these 
combinations can be used with breast specific adenoviral vectors, such as those 
containing a CEA-TRE. An example of such a vector is CV873, described herein. 

Listed below are selected acronyms for combination cancer 
chemotherapy regimens comprising substances in The Merck Index. 

Table 2: Cancer Combination Chemotherapy Drug Regimens 



Acronym 


Drug regimens 


AA 


cytarabine + doxorubicin 


ABP 


doxorubicin + bleomycin + prednisone 


ABVD 


doxorubicin + bleomycin + vinblastine + dacarbazine 


AC 


doxorubicin + cyclophosphamide 


ACVB 


doxorubicin + cyclophosphamide + vindesine + bleomycin 


ADIC 


doxorubicin + dacarbazine 


APO 


doxorubicin + prednisone + vincristine + 6-mercaptopurine + 




asparaginase + methotrexate 


AV 


doxorubicin ~ vincristine 


AVDP 


asparaginase + vincristine + daunorubicin + prednisone 


BACOP 


bleomycin + doxorubicin + cyclophosphamide + vincristine + 




prednisone 


BAPP 


bleomycin + doxorubicin +, cisplatin + prednisone 


B - CAVe 


bleomycin + lomustine + doxorubicin + vincristine 


BCD 


methotrexate + doxorubicin + cisplatin 


BCP 


carmustine + cyclophosphamide + prednisone 


BCVPP 


carmustine + cyclophosphamide + ' vinblastine + procarbazine + 




prednisone 


B-DOPA 


bleomycin + dacarbazine + vincristine + prednisone + doxorubicin 


BEP 


bleomycin + etoposide + cisplatin 


BMP 


bleomycin + methotrexate + cisplatin 


BOLD 


bleomycin + vincristine + lomustine + dacarbazine 
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Acronym Drug regimens 

CA cyclophosphamide + doxorubicin 

CAF cyclophosphamide + doxorubicin -1- fluorouracil 

CAMF cyclophosphamide + doxorubicin + methotrexate + fluorouracil 

CAP cyclophosphamide + doxorubicin + cisplatin 

CAP-BOP cyclophosphamide + doxorubicin + procarbazine + bleomycin + 

vincristine + prednisone 
CAV cyclophosphamide + doxorubicin + vincristine 

CAVE cyclophosphamide + doxorubicin + vincristine + etoposide 

CAVEP cyclophosphamide + doxorubicin + vincristine + etoposide + 

cisplatin 

CBV cyclophosphamide + carmustine + etoposide 

CC carboplatin + cyclophosphamide 

CD cytarabine + duanorubicin 

CFP cyclophosphamide + fluorouracil + prednisone 

CFPMV cyclophosphamide + fluorouracil + prednisone + methotrexate + 

vincristine 

CFPT cyclophosphamide + fluorouracil + prednisone + tamoxifen 

CHAD cyclophosphamide + hexamethylmelamine + doxorubicin + 

cisplatin 

CHAMOCA cyclophosphamide + hydroxyurea + dactinomycin + methotrexate + 

vincristine + doxorubicin 
CHAP-5 cyclophosphamide + hexamethylmelamine + doxorubicin 4- 

cisplatin 

CHF cyclophosphamide + hexamethylmelamine + fluorouracil 

ChlVPP chlorambucil + vinblastine + procarbazine + prednisone 

CHO cyclophosphamide + doxorubicin + vincristine 

CHOP cyclophosphamide + doxorubicin + vincristine + prednisone 

CHOP-B cyclophosphamide + doxorubicin + vincristine + prednisone + 

bleomycin 

CMF cyclophosphamide + methotrexate + fluorouracil 

CMFP cyclophosphamide + methotrexate + fluorouracil + prednisone 

CMFVP cyclophosphamide + methotrexate + fluorouracil + vincristine + 

prednisone 

C-MOPP cyclophosphamide + mechlorethamine + vincristine + procarbazine 

+ prednisone 

CMV cisplatin + methotrexate + vinblastine 

COAP cyclophosphamide + vincristine + cytarabine + prednisolone 

CODE cisplatin + vincristine + doxorubicin + etoposide 

COMLA cyclophosphamide + vincristine + methotrexate + cytarabine 

COMP cyclophosphamide + vincristine + methotrexate + prednisone 

COP cyclophosphamide + vincristine + prednisone 

COP-BLAM cyclophosphamide + vincristine + prednisone + bleomycin + 

doxorubicin + procarbazine 
COPP cyclophosphamide + vincristine + prednisone + procarbazine 

CVF cyclophosphamide + vincristine + fluorouracil 

CVP cyclophosphamide + vincristine + prednisone 

CVPP bleomycin + lomustine + doxorubicin + vinblastine 

CYVADIC cyclophosphamide + vincristine + doxorubicin + dacarbazine 

DCT daunorubicin + cytarabine + thioguanine 

DICEP cyclophosphamide + etoposide + cisplatin 

DVP duanorubicin + vincristine + prednisone 

EAP etoposide + doxorubicin + cisplatin 
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Acronym Drug regimens 

EFP etoposide 4- fluorouracil + cisplatin 

ELF etoposide + leucovorin + fluorouracil 

EMA-CO etoposide + methotrexate + dactinomycin + cyclophosphamide + 
vincristine 

ESHAP etoposide + methylprednisolone + cytarabine + cisplatin 

FA fluorouracil + doxorubicin 

FAC fluorouracil + doxorubicin + cyclophosphamide 

FAM fluorouracil + doxorubicin + mitomycin C 

FAMTX fluorouracil + doxorubicin + methotrexate 

FAP fluorouracil + doxorubicin + cisplatin 

FEB fluorouracil + epirubicin + carmustine 

FUVAC fluorouracil + vinblastine + doxorubicin + cyclophosphamide 

HAD hexamethylmelamine + doxorubicin + cisplatin 

H-CAP hexamethylmelamine + cyclophosphamide + doxorubicin + 
cisplatin 

Hexa-CAF hexamethylmelamine + cyclophosphamide + methotrexate + 
fluorouracil 

ICE ifosfamide + carboplatin + etoposide 

MVP - 16 ifosfamide + methotrexate + etoposide 

LOPP chlorambucil + vincristine + procarbazine + prednisone 

LSA 2 _L 2 cyclophosphamide + vincristine + prednisone + daunorubicin + 
methotrexate + cytarabine + 

thioguanine + colaspase + hydroxyurea + carmustine 

M - 2 vincristine + carmustine + cyclophosphamide + melphalan + 
prednisone 

MAC methotrexate + dactinomycin + chlorambucil 

MACC methotrexate + doxorubicin + cyclophosphamide + lomustine 

MACOP-B methotrexate + doxorubicin + cyclophosphamide + vincristine + 

prednisone + bleomycin 

M-BACOD methotrexate + bleomycin + doxorubicin + cyclophosphamide + 

vincristine + dexamethasone 

MBD methotrexate + bleomycin + cisplatin 

MC mitoxantrone + cytarabine 

MCF mitoxantrone + cyclophosphamide + fluorouracil 

MeCP methyl-CCNU + cyclophosphamide + prednisone 

MINE mesna + ifosfamide + mitoxantrone + etoposide 

MIP mitomycin + ifosfamide + cisplatin 

MM mercaptopurine + methotrexate 

MMM mitoxantrone + methotrexate + mitomycin 

MOP mechlorethamine + vincristine + procarbazine 

MOPP mechlorethamine + vincristine + procarbazine + prednisone 

MP melphalan + prednisone 

M-VAC methotrexate + vinblastine + doxorubicin + cisplatin 

MV mitroxantrone + etoposide 

MVP mitomycin + vindesine + cisplatin 

MPPP mechlorethamine + vinblastine + procarbazine + prednisone 

PAC cisplatin + doxorubicin + cyclophosphamide 

PC cisplatin + cyclophosphamide 

PCV procarbazine + lomustine + vincristine 

PE cisplatin + etoposide 

PEB cisplatin + etoposide + bleomycin 

PF L - PAM and fluorouracil 
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Acronym 

PMF 

ProMACE 

ProMACE-CytaBO 
M 

ProMACE-MOPP 



PVP-16B 
PVB 
SMF 
TC 

VAB-6 

VAC 

VAD 

VAMP 

VAP-cyclo 

VBAP 

VCAP 

VIP 

VMF 

VP 



Administration and Assessment 
4 There are a variety of delivery methods for the administration of 

p 5 antineoplastic agents, which are well known in the art, including oral and parenteral 

5 methods. There are a number of drawbacks to oral administration for a large number 

M of antineoplastic agents, including low bioavailability, irritation of the digestive tract 

i'l and the necessity of remembering to administer complicated combinations of drugs. 

The majority of parenteral administration of antineoplastic agents is intravenously, as 
10 intramuscular and subcutaneous injection often leads to irritation or damage to the 

tissue. Regional variations of parenteral injections include intra-arterial, intravesical, 
intra-tumor, intrathecal, intrapleural, intraperitoneal and intracavity injections. 

Delivery methods for chemotherapeutic agents include intravenous, 
intraparenteral and intraperitoneal methods as well as oral administration. 
15 Intravenous methods also include delivery through a vein of the extremities as well 

as including more site specific delivery, such as an intravenous drip into the portal 
vein of the liver. Other intraparenteral methods of delivery include direct injections 
of an antineoplastic solution, for example, subcutaneously, intracavity or intra-tumor. 



Drug regimens 

cisplatin + mitomycin C + fluorouracil 

prednisone + methotrexate + doxorubicin + cyclophosphamide + 
etoposide 

prednisone + methotrexate + doxorubicin + cyclophosphamide + 
etoposide + cytarabine + bleomycin + vincristine + methotrexate 
prednisone + methotrexate + doxorubicin + cyclophosphamide + 
etoposide + mechlorethamine + vincristine + procarbazine + 
prednisone 

VP - 16 + bleomycin + cisplatin 
cisplatin + vinblastine + bleomycin 
streptozocin + mitomycin + fluorouracil 
thioguanine + cytarabine 

vinblastine + dactinomycin + bleomycin + cisplatin + 
cyclophosphamide 

vincristine + dactinomycin + cyclophosphamide 
vincristine + doxorubicin + dexamethasone 
vincristine + prednisone + methotrexate + 6-mercaptopurine 
vincristine + doxorubicin + prednisolone + cyclophosphamide 
vincristine + carmustine + dexamethasone + prednisone 
vincristine + cyclophosphamide + doxorubicin + prednisone 
vindesine + ifosfamide + cisplatin 
etoposide + methotrexate + fluorouracil 
vindesine + cisplatin 
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Delivery of adenoviral vectors is discussed infra and is generally 
accomplished by either site-specific injection or intravenously. Site-specific 
injections of either vector or antineoplastic agent(s) may include, for example, 
injections into the portal vein of the liver as well as intraperitoneal, intrapleural, 
intrathecal, intra-arterial, intra-tumor injections or topical application. These 
methods are easily accommodated in treatments using the combination of adenoviral 
vectors and chemotherapeutic agents. 

The adenoviral vectors may be delivered to the target cell in a variety of 
ways, including, but not limited to, liposomes, general transfection methods that are 
well known in the art (such as calcium phosphate precipitation or electroporation), 
direct injection, and intravenous infusion. The means of delivery will depend in 
large part on the particular adenoviral vector (including its form) as well as the type 
and location of the target cells (i.e., whether the cells are in vitro or in vivo). 

If used as a packaged adenovirus, adenovirus vectors maybe administered in 
an appropriate physiologically acceptable carrier at a dose of about 10 4 to about 10 14 . 
The multiplicity of infection will generally be in the range of about 0.001 to 100. If 
administered as a polynucleotide construct (i.e., not packaged as a virus) about 0.01 
|ug to about 1000 jag of an adenoviral vector can be administered. The adenoviral 
vector(s) may be administered one or more times, depending upon the intended use 
and the immune response potential of the host, and may also be administered as 
multiple, simultaneous injections. If an immune response is undesirable, the immune 
response may be diminished by employing a variety of immunosuppressants, so as to 
permit repetitive administration, without a strong immune response. If packaged as 
another viral form, such as HSV, an amount to be administered is based on standard 
knowledge about that particular virus (which is readily obtainable from, for example, 
published literature) and can be determined empirically. 

Generally, the adenovirus and chemotherapeutic agent are administered as 
compositions in a pharmaceutically acceptable excipient (and may or may not be in 
the same compositions), including, but not limited to, saline solutions, suitable 
buffers, preservatives, stabilizers, and may be administered in conjunction with 
suitable agents such as antiemetics. In some embodiments, an effective amount of an 
adenoviral vector and an effective amount of at least one antineoplastic agent are 
combined with a suitable excipient and/or buffer solutions and administered 
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simultaneously from the same solution by any of the methods listed herein or those 
known in the art. This may be applicable when the antineoplastic agent does not 
compromise the viability and/or activity of the adenoviral vector itself Where more 
than one antineoplastic agent is administered, the agents may be administered 
together in the same composition; sequentially in any order; or, alternatively, 
administered simultaneously in different compositions. If the agents are 
administered sequentially, administration may further comprise a time delay. 

The chemotherapeutic agent and adenovirus may be administered 
simultaneously or sequentially, with various time intervals for sequential 
administration. In some embodiments, chemotherapeutic agent(s) and adenovirus 
vector(s) are administered simultaneously. As shown in the Examples, at least some 
antineoplastics do not appear to compromise viral replication or specificity. The 
method of delivery will depend upon both the choice of the adenoviral vector and 
chemotherapeutic agent(s) and by the characteristics of the cancer under treatment. 

In other embodiments, a chemotherapeutic agent and adenoviral vector can 
be administered sequentially. This may be appropriate, for example, in instances 
where the antineoplastic agent is an alkylating agent, antimetabolite, nitrosourea or 
other DNA damaging agent which may compromise the viability and/or activity or 
the viral vector, or in instances in which it has been indicated that sequential 
administration optimizes effectiveness of the combination therapy. Sequential 
administration may be in any order, and accordingly encompasses the administration 
of an effective amount of an adenoviral vector first, followed by the administration 
of an effective amount of the chemotherapeutic agent. The interval between 
administration of adenovirus and chemotherapeutic agent may be in terms of at least 
(or, alternatively, less than) minutes, hours, or days. Sequential administration also 
encompasses administration of a chosen antineoplastic agent followed by the 
administration of the adenoviral vector. The interval between administration may be 
in terms of at least (or, alternatively, less than) minutes, hours, or days. 

Administration of the above-described methods may also include repeat 
doses or courses of target-cell specific adenovirus and chemotherapeutic agent 
depending, inter alia, upon the individual's response and the characteristics of the 
individual's disease. Repeat doses may be undertaken immediately following the 
first course of treatment (i.e., within one day), or after an interval of days, weeks or 
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months to achieve and/or maintain suppression of tumor growth. A particular course 
of treatment according to the above-described methods, for example, combined 
adenoviral and chemotherapy, may later be followed by a course of combined 
radiation and adenoviral therapy. 

Generally, an effective amount of adenovirus vector and chemotherapeutic 
agent(s) is administered, i.e., amounts sufficient to achieve the desired result, based 
on general empirical knowledge of a population's response to such amounts. Some 
individuals are refractory to these treatments, and it is understood that the methods 
encompass administration to these individuals. The amount to be given depends, 
inter alia, on the type of cancer, the condition of the individual, the extent of disease, 
the route of administration, how many doses will be administered, and the desired 
objective. 

A chemotherapeutic agent(s) is administered in a physiologically acceptable 
carrier appropriate to the method of delivery, as are known in the art and described 
herein. The amount of chemotherapeutic agent(s) administered is determined by the 
characteristics of the individual's disease, the method of delivery and the weight, 
age, general health and response of the individual. In some embodiments the amount 
of chemotherapeutic agent(s) administered will be the dosage known in the art to be 
effective given the characteristics of the individual and their disease. In other 
embodiments, due to the synergistic effect of the combination of adenoviral vector 
and chemotherapeutic agent, the amount of chemotherapeutic agent(s) administered 
will be about 2x, about 5x, about lOx, or about 5x less than that known in the art to 
be effective for the particular individual and characteristics of the disease. In some 
embodiments, the amount of chemotherapeutic agent(s) administered will be about 
20x, about 50x, about lOOx or about lOOOx less than that known in the art to be 
effective for the particular individual and characteristics of the disease. Dosages 
include courses of chemotherapy and .repeat administrations of the chemotherapeutic 
agent(s) over the course of days, weeks or months and may include an increase or 
decrease in the interval between doses during administration of the course of 
chemotherapy, or increases or decreases in the actual amount of chemotherapeutic 
agent administered. 

Examples of dosages known in the art for chemotherapeutic agents include, 
but are not limited to, doses of 60-75 mg/m 2 for doxorubicin at 21 day intervals 
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when administered as a single agent, and doxorubicin doses of 40-60 mg/m when 
administered as a component in a combination of chemotherapeutic agents. Typical 
doses known in the art for cisplatin are from 20 mg/m 2 to 100 mg/m 2 ; for etoposide 
35-100 mg/m 2 ; for paclitaxel 135-175 mg/m 2 ; for docetaxel 60-100 mg/m 2 ; for 
mitomycin C 30-40 mg/m 2 ; gemcitabine 1000-1250 mg/m 2 ; mitoxantrone 12-14 
mg/m 2 per cycle, 12-212 mg/m 2 cumulative over course of treatment; thiotepa 0.3- 
0.8 mg/kg; 5-azacytidine 50-200 mg/m 2 /day; 5-fluorouracil 7-12 mg/kg/day, not 
more than 800 mg/day. These dose may be administered on a variety of schedules 
known to those of skill in the art and depending on the response of the individual and 
the characteristic of the individual cancer. 

Any of the methods described herein may further be used in conjunction with 
combined modality treatment for suppressing tumor growth. Such combined 
modality treatment may or may not include surgery as a component of the treatment. 

Assessment may be determined by any of the techniques known in the art, 
including diagnostic methods such as imaging techniques, analysis of serum tumor 
markers (which may be measured, for example, by ELISA), biopsy (which could 
indicate the presence of killed tumor cells), and the presence, absence or 
amelioration of tumor associated symptoms. 

Compositions and Kits of Adenoviral Vectors and Chemotherapeutic Agents 

The invention also includes compositions comprising at least one 
antineoplastic agent, such as those listed in Table 1, and a target cell-specific 
adenoviral vector(s) as described herein, where the stability, activity, and/or viability 
of the adenoviral vector is not compromised by the antineoplastic agent(s) (ie, the 
adenovirus vector retains some to all activity). These compositions can further 
comprise suitable pharmaceutical such as, saline solutions, suitable buffers, 
preservatives, stabilizers. 

In some embodiments, the composition comprises a target cell-specific 
adenoviral vector comprising El A under transcriptional control of a PB-TRE, E1B 
under transcriptional control of a PSA-TRE, further comprising an E3 region (such 
as CV787) and the antineoplastic is 5-fluorouracil or cisplatin. In other 
embodiments, the antineoplastic is doxorubicin, estramustine, etoposide, 
mitoxantrone, docetaxel (TAXOTERE™) or paclitaxel (TAXOL™). In other 
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embodiments, the composition comprises an adenovirus vector comprising El A 
under transcriptional control of a PSA-TRE (such as CV706) and the composition 
further comprises 5-fluorouracil or cisplatin. In other embodiments, the 
antineoplastic is doxorubicin, estramustine, etoposide, mitoxantrone, docetaxel 
(TAXOTERE™) or paclitaxel (TAXOL™). In other embodiments, the composition 
comprises an adenoviral vector comprising an early gene under transcriptional 
control of an AFP-TRE (for example, El A under transcriptional control of an AFP- 
TRE), E1B under transcriptional control of an AFP-TRE, an intact E3 region (such 
as CV790) and the composition further comprises 5-azacytidine ? cisplatin, etoposide 
or gemcitabine, doxorubicin, mitomycin C, mitoxantrone, paclitaxel or a 
combination of antineoplastic agents such as, doxorubicin and cisplatin, or 
doxorubicin and mitomycin C or doxorubicin and mitoxantrone or doxorubicin and 
paclitaxel (TAXOL™). 

In some embodiments, the adenovirus vector comprises co-transcribed first 
and second genes, preferably adenovirus genes, under transcriptional control of a 
heterologous, target cell-specific transcriptional regulatory element (TRE), wherein 
the second gene is under translational control of an internal ribosome entry site 
(IRES). 

Kits comprising the combined antineoplastic agent(s), target cell-specific 
adenoviral vector, and suitable excipient, packaging, and labeling are also included 
in the present invention. The kit provides suitable dosages of each of the 
antineoplastic agent(s) and adenoviral vector. Embodiments include kits comprising, 
for example, all of the compositions listed above. The kits preferably contain 
instructions for administration to individuals for appropriate cancer to effect 
suppression of tumor growth. 

In some embodiments, the chemotherapeutic agent and adenoviral vector are 
packaged separately in appropriate packaging. In other embodiments, the 
chemotherapeutic agent and adenoviral vector are packaged together. Examples of 
suitable agents and adenoviral vectors have been discussed above and are described 
herein. 
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Combination Adenoviral and Radiation Therapy 

The invention also provides combination methods which employ the 
replication competent target cell specific adenoviral vectors as described herein and 
radiation. As explained in more detail in Example 6, the combined treatment of 
neoplasia with a target cell-specific adenoviral vector and radiation results in a 
synergistic effect, with earlier eradication of the tumor compared to no treatment 
radiation alone or virus alone. When used in combination with target cell-specific 
adenoviral vectors, the type of radiation treatment used is dependent upon the 
characteristics of the individual cancer being treated. The choice of suitable 
radiation therapy is well known by a person skilled in the art and decided on an 
individual basis. The choice of the target cell-specific adenoviral vector is largely 
governed by the identity of the target (neoplastic) cells and includes X-rays, gamma 
rays, alpha particles, beta particles, radioactive isotopes, photons, neutrons, electrons 
and other forms of ionizing radiation. Sources of radiation include Americium, 
chromic phosphate, radioactive Cobalt, 131 I-ethiodized oil, Gold (radioactive, 
colloidal) iobenguane, Radium, Radon, sodium iodide (radioactive), sodium 
phosphate (radioactive), and 137 Cesium. Radioimmunotherapy can also be used. In 
some embodiments, radiation therapy includes use of one or more radiosensitizing 
agent(s) or radiation protectants. 

Accordingly, the present invention includes methods of suppressing tumor 
growth in an individual comprising the following steps: 

a) administration of an effective amount of a replication-competent target 
cell-specific adenoviral vector to an individual with neoplasia; and 

b) administration of an effective amount of an appropriate course of radiation 
wherein radiation includes X-rays, gamma rays, alpha particles, beta particles, 
electrons, photons, neutrons, other ionizing radiation and radioactive isotopes. 

In some embodiments, step (a) is performed before step (b). In other 
embodiments, step (b) is performed before step (a). In other embodiments, steps (a) 
and (b) are performed simultaneously. 

The replication-competent target cell-specific adenoviral vector may be any 
of the replication-competent target cell-specific adenoviral vectors disclosed herein, 
comprising a gene essential for replication, preferably an early gene, under 
transcriptional control of a TRE. Preferably, the gene essential for replication is El A 
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or E1B or both. Discussion of exemplary embodiments of suitable adenoviral 
vectors in the previous section, as well as the section describing adenovirus vectors 
below, are applicable to these methods. 

In some embodiments, the gene essential for replication is El A or E IB and in 
5 some embodiments, the vector comprises both El A and E1B under transcriptional 

control of a cell-specific TRE. In some embodiments, the El A and E1B genes are 
under transcriptional control of the same or similar TREs. The vectors may or may 
not include an E3 region. In some embodiments, the adenovirus vector comprises 
co-transcribed first and second genes, preferably adenovirus genes, under 
10 transcriptional control of a heterologous, target cell-specific transcriptional 

regulatory element (TRE), wherein the second gene is under translational control of 
an internal ribosome entry site (IRES). In some embodiments, the first and second 
genes are El A and E1B, respectively. In this embodiment it is preferred that E1B 
has its endogenous promoter deleted and in one embodiment, IRES and E1B are in 
Li 5 frame. 

s In other embodiments, the adenovirus vector comprises El A wherein the 

10 El A promoter is deleted and wherein the El A gene is under transcriptional control 

s of a target cell-specific TRE. In other embodiments, the adenovirus gene is E1B 

^ wherein the E IB promoter is deleted and wherein the E1B gene is under 

F1J20 transcriptional control of a target cell-specific TRE. In other embodiments, the 

U vector comprises El A wherein the El A promoter is deleted and E1B wherein the 

^ E1B promoter is deleted. 

In other embodiments, an enhancer element for the first and/or second 
adenovirus genes is deleted. In some embodiments, the El A enhancer is deleted. In 
25 yet other embodiments, the El A promoter is deleted and El A enhancer I is deleted. 

In further embodiments, the TRE has its endogenous silencer element deleted. In 
other embodiments, the adenovirus vector comprises E1B having a deletion in the 
19-kDa region. These embodiments apply to any and all methods described herein. 

30 Administration and Assessment 

As is well-known in the art, radiation therapy includes treatment with X-rays 
and gamma-rays, as well as alpha and beta particles, photons, electrons, neutrons, 
implants of radioactive isotopes and other forms of ionizing radiation. Recent 
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experimental therapy employs monoclonal antibodies specific to the malignant tumor 
to deliver radioactive isotopes directly to the site of the tumor, termed 
radioimmunotherapy. The most common type of radiation treatment is radiation 
directed to the body area containing the neoplastic tumor, which is known as 
regional or local radiation therapy. 

The combined modality treatment of radiation and target cell-specific 
adenoviral therapy can be carried out in a number of ways, including delivery of the 
adenoviral vector followed by radiation therapy, or where vector delivery is followed 
by a time delay of seconds, minutes, hours or days and before radiation treatment. 
The combined modality treatment also incorporates administration of the radiation 
treatment followed by the adenoviral treatment, including but not necessarily 
requiring a time interval between radiation treatment and delivery of the adenovirus, 
of seconds, minutes, hours or days. 

Repeat dosages of adenoviral vector and/or radiation may be administered. 
Administration of adenovirus vectors has been described above. Administration of 
radiation therapy can include methods well known in the art, such as internal and 
external radiation therapy. External therapy includes the administration of radiation 
via high-energy external beam radiation, administered either regionally (locally) to 
the tumor site or whole body irradiation. Examples of internal radiation 
(brachytherapy) include the implantation of radioactive isotopes in permanent, 
temporary, sealed, unsealed, intracavity or interstitial implants. The choice of 
implant is determined by the characteristics of the neoplasia, including the location 
and extent of the tumor. The choice between external or internal radiation treatment 
and type of external radiation treatment is also determined by the characteristics of 
the neoplasia and can be determined by those skilled in the art. An additional type of 
radiation therapy is radioimmunotherapy in which radioisotopes are attached to 
monoclonal antibodies specific for the tumor cells. 

The amount/course of radiation administered to the individual is determined 
by the characteristics of the individual's disease, the method of delivery and the 
weight, age, general health and response of the individual. For radiation therapy in 
particular, the location of the tumor is a determining factor in the administration of 
radiation, as the radiosensitivity of the tumor and surrounding tissue are variable 
according to tissue type (see Table 3), oxygen supply and other factors. In some 
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embodiments the amount of radiation administered will be the dosage known in the 
art to be effective given the characteristics of the individual and the disease. In other 
embodiments, the amount of radiation administered will be about 2x, about 5x, about 
lOx, or about 15x less than that known in the art to be effective for the particular 
individual and characteristics of the disease. In some embodiments, the amount of 
radiation administered will be about 20x, about 50x, about lOOx or about lOOOx less 
than that known in the art to be effective for the particular individual and 
characteristics of the disease. 

Radiation treatment may also entail the administration of a radiosensitizing 
agent or radioprotectant to facilitate the treatment. Recent evidence suggests that the 
antineoplastic agent TAXOL™ (paclitaxel) may function as a radiosensitizer. 
Liebmann et al., J. National Cancer Inst. 86:441, 1994;. Similar evidence has been 
found for TAXOTERE™ (docetaxel). Creane et al., Int. 1 Radiat. Biol 75:731, 
1999; Sikov et al., Front. BioscL May 1: 221, 1997. Other radiation sensitizers 
include E2F-1, anti-ras single chain antibody, p53, GM-CSF, and cytosine 
deaminase. A tumor specific adenovirus may further comprise a radiation sensitizer, 
such as p53 for example, or a chemo sensitizer. 

Repeat doses may be undertaken immediately following the first course of 
treatment or after an interval of days, weeks or months to achieve suppression of 
tumor growth. A particular course of treatment according to the above-described 
methods, for example, combined adenoviral and radiation therapy, may later be 
followed by a course of combined chemotherapy and adenoviral therapy. 
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Table 3: Radiosensitivity of Various Tissues 



Tumor or Tissue Type 


Relative Radiosensitivity 


lymphoma, leukemia, seminoma, 
dysgerminoma 


high 


squamous cell, cancer of the 
oronh arvn seal 

glottis, bladder, skin & cervical epithelia 
adenocarinomas of the alimentary tract 


fairly high 


all tumors) 

secondary neurovascularization, 
astrocytomas 


medium 


salivary gland tumors, hepatoma, renal 
cancer, pancreatic cancer, 
chondrosarcoma, osteogenic sarcomas 


fairly low 


rhabdomyosarcoma, leiomyosarcoma & 
ganglioneurofibrosarcoma 


low 



M Assessment may be determined by any of the techniques known in the art, 

y] 5 including diagnostic methods such as imaging techniques, analysis of serum tumor 

10 markers, biopsy, the presence, absence or amelioration of tumor associated 

s symptoms. 



f II Combination Treatment with Adenoviral, Chemotherapy and Radiation 

pdO Chemotherapy and radiation are commonly used as components of a 

^ combined modality treatment, and the choice of chemotherapeutic agent(s) and type 

and course of radiation therapy is generally governed by the characteristics of the 
individual cancer and the response of the individual. While target cell-specific 
adenoviral vectors can be used with either radiation or chemotherapy, as separate 
1 5 courses of treatment, they can also be combined with both methods of treatment in 

the same course of therapy. Accordingly, the present invention encompasses 
combinations of the methods discussed above. 

Accordingly, the invention includes methods for suppressing tumor growth in 
an individual comprising the following steps, in any order: 
20 a) administering to the individual an effective amount of a target cell-specific 

adenoviral vector and at least one antineoplastic agent; and 
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b) administering an effective amount of an appropriate course of radiation 
therapy to the individual. 

The method may further comprise the step of: 

c) administering to the individual an additional dose of the 
adenoviral/chemotherapeutic solution or radiation as necessary to treat the 
individual's neoplasia. 

The method may further comprise time delays after any one of steps a), b) 
and c). A time delay interval may be days, weeks or months. 

The antineoplastic may be chosen from the agents listed in Table 1 or a 
combination of agents may be chosen from the list in Table 2. Additional agents or 
combinations of agents known to those of skill in the art may also be used. The 
replication-competent target cell-specific adenoviral vector is chosen from the 
replication-competent target cell-specific adenoviral vectors disclosed herein. 

In preferred embodiments the gene essential for replication in the adenoviral 
vector is an early gene. Even more preferably the gene essential for replication is 
El A or E1B or both. In particularly preferred embodiments the El A and E1B genes 
are under transcriptional of the same or similar TREs, The vector may or may not 
contain an E3 region. 

In some embodiments, the adenovirus vector comprises co-transcribed first 
and second genes under transcriptional control of a heterologous, target cell-specific 
transcriptional regulatory element (TRE), wherein the second gene is under 
translational control of an internal ribosome entry site (IRES). An adenovirus vector 
may further comprise E3. 

In particular embodiments of the above described methods, the adenoviral 
gene(s) essential for replication is under the control of TRE(s) specific for target 
cells such as, but not limited to liver, prostate, bladder, colorectal, breast or 
melanoma cells. 

In certain preferred embodiments of the above described methods, the 
adenoviral gene(s) essential for replication is under the control of a TRE(s) such as, 
but not limited to the PB-TRE, PS A-TRE, the MUC-TRE, the AFP-TRE, the CEA- 
TRE, the hKLK2-TRE, tyrosinase-TRE, and uroplakin-TRE, as described herein. 
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Illustrative embodiments of target cell-specific adenoviral vectors include 
CV787, CV790, CV890, CV706, CV829, CV859, CV873, CV874, CV875, CV876, 
CV877, and CV884 as described herein. 

In a preferred embodiment, the adenoviral vector comprises a prostate 
specific TRE or a liver specific TRE and at least one of the chemotherapeutic agents 
is from the alkaloid class. 

In another preferred embodiment, the adenoviral vector comprises a prostate 
specific TRE or a liver specific TRE and at least one of the chemotherapeutic agents 
is paclitaxel (TAXOL™) or docetaxel (TAXOTERE™) or a paclitaxel derivative. 

In another preferred embodiment the adenoviral vector comprises a urothelial 
specific TRE and least one of the chemotherapeutic agents is paclitaxel (TAXOL™) 
or docetaxel (TAXOTERE™) or a paclitaxel derivative. 

Administration and Assessment 

Administration of adenoviral vectors, chemotherapeutic agents and radiation 
has been described above. The choice of the adenoviral vector, chemotherapeutic 
agent(s) and radiation are dependent on the characteristics of the individual cancer 
and the individual's response to therapy. Such considerations are known to those 
skilled in the art. The invention encompasses embodiments which include the 
replication-competent target cell-specific adenoviral vectors discussed herein as well 
as those known to persons of skill in the art. The invention also encompasses 
embodiments which include the combinations of target cell-specific adenoviral 
vectors and chemotherapeutic agents discussed herein which can be further 
combined with radiation therapy. 

The above-described methods include administration of the adenoviral 
vector, radiation and chemotherapeutic(s) in any order and may include sequential 
administration or simultaneous administration of all or some of the components (i.e. 
simultaneous administration of chemotherapy and adenovirus followed sequentially 
by radiation therapy or sequential administration of adenovirus first, radiation second 
and thirdly, chemotherapy, etc.). 

Repeat doses may be undertaken immediately following the first course of 
treatment or after an interval of days, weeks or months to achieve suppression of 
tumor growth. Repeat doses of a particular component of the therapy may also be 
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administered before the administration of the remaining components (i.e. 
administration of multiple doses of chemotherapeutic agent(s) followed by sequential 
administration of radiation and adenovirus or administration of multiple doses of 
radiation therapy followed by simultaneous administration of chemotherapy and 
adenovirus, etc.). A particular course of treatment according to the above-described 
methods, for example, combined adenoviral, chemotherapeutic and radiation 
therapy, may later be followed by a course of combined chemotherapy and 
adenoviral therapy. 

Any of the methods described herein may further be used in conjunction with 
combined modality treatment for suppressing tumor growth. Such combined 
modality treatment may include surgery as a component of the treatment. 

Assessment of the suppression of tumor growth may be determined by any of 
the techniques known in the art, including diagnostic methods such as imaging 
techniques, analysis of serum tumor markers , biopsy, the presence, absence or 
amelioration of tumor associated symptoms. 

Adenoviral Vectors 

The adenoviral vectors used in the methods described herein are replication- 
competent target-cell specific adenoviral vectors comprising an adenovirus gene, 
preferably a gene essential for replication under transcriptional control of a target 
cell specific TRE. The vector may or may not include an E3 region. In other 
embodiments, an adenovirus vector is a replication competent, target cell specific 
vector comprising E1B, wherein E1B has a deletion of part or all of the 19-kDa 
region. 

In some embodiments the adenoviral gene essential for replication is an early 
gene, preferably El A or El B or both. 

In some embodiments, the adenovirus vector comprises co-transcribed first 
and second genes under transcriptional control of a heterologous, target cell-specific 
transcriptional regulatory element (TRE), wherein the second gene is under 
translational control of an internal ribosome entry site (IRES). The adenovirus 
vector may further comprise E3. 

The adenovirus vectors used in this invention replicate preferentially in TRE 
functional cells referred to herein as target cells. This replication preference is 
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indicated by comparing the level of replication (i.e., titer) in cells in which the TRE 
is active to the level of replication in cells in which the TRE is not active (i.e., a non- 
target cell). The replication preference is even more significant, as the adenovirus 
vectors used in the invention actually replicate at a significantly lower rate in TRE 
non- functional cells than wild type virus. Comparison of the adenovirus titer of a 
target cell to the titer of a TRE inactive cell type provides a key indication that the 
overall replication preference is enhanced due to the replication in target cells as well 
as depressed replication in non-target cells. This is especially useful in the cancer 
context, in which targeted cell killing is desirable. The TRE's preferably control 
genes necessary for replication, where the gene(s) necessary for replication is an 
early gene(s) of the adenovirus, preferentially the El A or E IB genes. Particularly 
preferred embodiments include where TRE's control both the El A and E1B genes 
within the same viral construct. In another particularly preferred embodiment, the 
adenovirus vector comprises co-transcribed first and second genes under 
transcriptional control of a heterologous, target cell-specific transcriptional 
regulatory element (TRE), wherein the second gene is under translational control of 
an internal ribosome entry site (IRES), hi this embodiment, it is preferred that the 
second gene has its endogenous promoter mutated or deleted and in one 
embodiment, the IRES and second gene are in frame. In some embodiments, an 
adenovirus vector of the present invention further comprises E3. 

Runaway infection is prevented due to the cell-specific requirements for viral 
replication. Without wishing to be bound by any particular theory, production of 
adenovirus proteins can serve to activate and/or stimulate the immune system, either 
generally or specifically toward target cells producing adenoviral proteins which can 
be an important consideration in the cancer context, where individuals are often 
moderately to severely immunocompromised. 

In particular embodiments, the adenoviral vector may be a replication- 
competent target-cell specific adenoviral vector where the vector comprises an 
adenoviral gene. In one embodiment, the adenoviral gene is essential for replication 
and is under transcriptional control of a target cell-specific TRE. 

In certain embodiments, the adenoviral vector may be a replication- 
competent target-cell specific adenoviral vector wherein the gene essential for 
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replication is an early gene. In other embodiments the gene essential for replication 
may be a late gene. 

In preferred embodiments the gene essential for replication is El A or El B. 
In particular embodiments, the adenovirus comprises both El A and E1B. In further 
embodiments, the gene essential for replication is E1B wherein E1B has a deletion of 
part or all of the 19-kDa region. 

In some embodiments, the adenovirus vector comprises co-transcribed first 
and second genes under transcriptional control of a heterologous, target cell-specific 
transcriptional regulatory element (TRE), wherein the second gene is under 
translational control of an internal ribosome entry site (IRES). In this embodiment, it 
is preferred that the endogenous promoter of the second gene be mutated or deleted 
and in one embodiment, the IRES and second gene are in frame. . 

In some embodiments of the adenovirus vector, El A has a mutation in or 
deletion of its endogenous promoter. In some embodiments, E1B has a mutation in 
or a deletion of its endogenous promoter. In some embodiments, El A has a 
mutation in or deletion of its endogenous enhancer. In other embodiments, E1B has 
a deletion in part or all of the 19-kDa region. 

In particular preferred embodiments, the target cell specific adenoviral vector 
is specific for target cells including bladder, liver, prostate, breast, colorectal and 
melanoma cells. 

In certain preferred embodiments, the adenoviral gene(s) essential for 
replication is under the control of a TRE(s) such as, but not limited to PB-TRE, PSA- 
TRE, MUC-TRE, AFP -TRE, CEA-TRE, tyrosinase-TRE, hKLK2-TRE, and 
uroplakin-TRE, as described herein. 

Illustrative adenoviral vectors are summarized in Table 4. 

In one aspect of the present invention, the adenovirus vectors comprise an 
intergenic IRES element(s) which links the translation of two or more genes, thereby 
removing any potential for homologous recombination based on the presence of 
identical TREs in the vector. Adenovirus vectors comprising an IRES are stable and 
in some embodiments provide better specificity than vectors not containing an IRES* 
Another advantage of an adenovirus vector comprising an intergenic IRES is that the 
use of an IRES rather than a second TRE may provide additional space in the vector 
for an additional gene(s) such as a therapeutic gene. 
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Thus, the adenovirus vectors comprising a second gene under control of an 
IRES retain a high level of target cell specificity and remain stable in the target cell. 
Accordingly, in one aspect of the invention, the viral vectors disclosed herein 
comprise at least one IRES within a multicistronic transcript, wherein production of 
the multicistronic transcript is regulated by a heterologous, target cell-specific TRE. 
For adenovirus vectors comprising a second gene under control of an IRES, it is 
preferred that the endogenous promoter of a gene under translational control of an 
IRES be deleted so that the endogenous promoter does not interfere with 
transcription of the second gene. It is preferred that the second gene be in frame with 
the IRES if the IRES contains an initiation codon. If an initiation codon, such as 
ATG, is present in the IRES, it is preferred that the initiation codon of the second 
gene is removed and that the IRES and the second gene are in frame. Alternatively, 
if the IRES does not contain an initiation codon or if the initiation codon is removed 
from the IRES, the initiation codon of the second gene is used. In one embodiment, 
the adenovirus vectors comprises the adenovirus essential genes, El A and E1B 
genes, under the transcriptional control of a heterologous, cell-specific TRE, and an 
IRES introduced between El A and E1B. Thus, both El A and E1B are under 
common transcriptional control, and translation of E1B coding region is obtained by 
virtue of the presence of the IRES. In one embodiment, El A has its endogenous 
promoter deleted. In another embodiment, El A has an endogenous enhancer deleted 
and in yet an additional embodiment, El A has its endogenous promoter deleted and 
El A enhancer I deleted. In another embodiment, E1B has its endogenous promoter 
deleted. In yet further embodiments, E1B has a deletion of part or all of the 19-kDa 
region. 

To provide cytotoxicity to target cells, one or more transgenes having a 
cytotoxic effect may be present in the vector. Additionally, or alternatively, an 
adenovirus gene that contributes to cytotoxicity and/or cell death, such as the 
adenovirus death protein (ADP) gene, can be included in the vector, optionally under 
the selective transcriptional control of a heterologous TRE and optionally under the 
translational control of an IRES. 

The subject vectors can be used for a wide variety of purposes. The purpose 
will vary with the target cell. Suitable target cells are characterized by the 
transcriptional activation of the cell specific transcriptional response element in the 
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adenovirus vehicle. The transcription initiation region will usually be activated in 
less than about 5%, more usually less than about 1%, and desirably by less than 
about 0.1% of the cells in the host 



5 Transcriptional response elements (TREs) 

The adenovirus vectors of the invention comprise target cell specific TREs 
which direct preferential expression of an operatively linked gene (or genes) in a 
particular target cell. A TRE can be tissue-specific, tumor-specific, developmental 
stage-specific, cell status specific, etc., depending on the type of cell present in the 

1 0 tissue or tumor. 

Cell- and tissue-specific transcriptional regulatory elements, as well as 
methods for their identification, isolation, characterization, genetic manipulation and 
use for regulation of operatively linked coding sequences, are well known in the art. 
A TRE can be derived from the transcriptional regulatory sequences of a single gene, 

15 or sequences from different genes can be combined to produce a functional TRE. A 

cell-specific TRE is preferentially functional in a limited population (or type) of 
cells, e.g., prostate cells or liver cells. Accordingly, in some embodiments, the TRE 
used is preferentially functional in any of the following cell types: prostate; liver; 
breast; urothelial cells (bladder); colorectal; lung; ovarian; pancreas; stomach; and 

20 uterine. In other embodiments, in accordance with cell status, the TRE is functional 

in or during: low oxygen conditions (hypoxia); certain stages of cell cycle, such as S 
phase; elevated temperature; ionizing radiation. 

As is known in the art, activity of TREs can be inducible. Inducible TREs 
generally exhibit low activity in the absence of inducer, and are up-regulated in the 

25 presence of inducer. Inducers include, for example, nucleic acids, polypeptides, 

small molecules, organic compounds and/or environmental conditions such as 
temperature, pressure or hypoxia. Inducible TREs may be preferred when 
expression is desired only at certain times or at certain locations, or when it is 
desirable to titrate the level of expression using an inducing agent. For example, 

30 transcriptional activity from the P&4-TRE, PB-TRE and hKLK2-TRE is inducible by 

androgen, as described herein and in PCT/US98/04080. Accordingly, in one 
embodiment of the present invention, an adenovirus vector comprises an inducible 
heterologous TRE. 
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TRE multimers are also useful in the disclosed vectors. For example, a TRE 
can comprise a tandem series of at least two, at least three, at least four, or at least 
five promoter fragments. Alternatively, a TRE can comprise one or more promoter 
regions along with one or more enhancer regions. TRE multimers can also comprise 
promoter and/or enhancer sequences from different genes. The promoter and 
enhancer components of a TRE can be in any orientation with respect to each other 
and can be in any orientation and/or any distance from the coding sequence of 
interest, as long as the desired cell-specific transcriptional activity is obtained. 

The disclosed vectors are designed such that replication is preferentially 
enhanced in target cells in which the TRE(s) is (are) functional. More than one TRE 
can be present in a vector, as long as the TREs are functional in the same target cell. 
However, it is important to note that a given TRE can be functional in more than one 
type of target cell. For example, the CEA-TRE functions in, among other cell types, 
gastric cancer cells, colorectal cancer cells, pancreatic cancer cells and lung cancer 
cells. 

A TRE for use in the present vectors may or may not comprise a silencer. 
The presence of a silencer (i.e., a negative regulatory element known in the art) can 
assist in shutting off transcription (and thus replication) in non-target cells. Thus, 
presence of a silencer can confer enhanced cell-specific vector replication by more 
effectively preventing replication in non-target cells. Alternatively, lack of a silencer 
may stimulate replication in target cells, thus conferring enhanced target cell- 
specificity. 

As is readily appreciated by one skilled in the art, a TRE is a polynucleotide 
sequence, and, as such, can exhibit function over a variety of sequence permutations. 
Methods of nucleotide substitution, addition, and deletion are known in the art, and 
readily-available functional assays (such as the CAT or luciferase reporter gene 
assay) allow one of ordinary skill to determine whether a sequence variant exhibits 
requisite cell-specific transcription regulatory function. Hence, functionally 
preserved variants of TREs, comprising nucleic acid substitutions, additions, and/or 
deletions, can be used in the vectors disclosed herein. Accordingly, variant TREs 
retain function in the target cell but need not exhibit maximal function. In fact, 
maximal transcriptional activation activity of a TRE may not always be necessary to 
achieve a desired result, and the level of induction afforded by a fragment of a TRE 
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may be sufficient for certain applications. For example, if used for treatment or 
palliation of a disease state, less-than-maximal responsiveness maybe sufficient if, 
for example, the target cells are not especially virulent and/or the extent of disease is 
relatively confined. 

Certain base modifications may result in enhanced expression levels and/or 
cell-specificity. For example, nucleic acid sequence deletions or additions within a 
TRE can move transcription regulatory protein binding sites closer or farther away 
from each other than they exist in their normal configuration, or rotate them so they 
are on opposite sides of the DNA helix, thereby altering spatial relationship among 
TRE-bound transcription factors, resulting in a decrease or increase in transcription, 
as is known in the art. Thus, while not wishing to be bound by theory, the present 
disclosure contemplates the possibility that certain modifications of a TRE will result 
in modulated expression levels as directed by the TRE, including enhanced cell- 
specificity. Achievement of enhanced expression levels may be especially desirable 
in the case of more aggressive forms of neoplastic growth, and/or when a more rapid 
and/or aggressive pattern of cell killing is warranted (for example, in an 
immunocompromised individual). 

Transcriptional activity directed by a TRE (including both inhibition and 
enhancement) can be measured in a number of ways known in the art (and described 
in more detail below), but is generally measured by detection and/or quantitation of 
mRNA and/or of a protein product encoded by the sequence under control of (i.e., 
operably linked to) a TRE. 

As discussed herein, a TRE can be of varying lengths, and of varying 
sequence composition. The size of a heterologous TRE will be determined in part by 
the capacity of the viral vector, which in turn depends upon the contemplated form of 
the vector (see infra). Generally minimal sizes are preferred for TREs, as this 
provides potential room for insertion of other sequences which may be desirable, 
such as transgenes (discussed infra) and/or additional regulatory sequences. In a 
preferred embodiment, such an additional regulatory sequence is an IRES. However, 
if no additional sequences are contemplated, or if, for example, an adenoviral vector 
will be maintained and delivered free of any viral packaging constraints, larger TRE 
sequences can be used as long as the resultant adenoviral vector remains 
replication-competent. 
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In a preferred embodiment, a viral vector is an adenoviral vector. An 
adenoviral vector can be packaged with extra sequences totaling up to about 5% of 
the genome size, or approximately 1.8 kb, without requiring deletion of viral 
sequences. If non-essential sequences are removed from the adenovirus genome., an 
5 additional 4.6 kb of insert can be tolerated (i.e. , for a total insertion capacity of about 

6.4 kb). Examples of non-essential adenoviral sequences that can be deleted are E3, 
and E4 sequences other than those which encode E4 ORF6. 

To minimize non-specific replication, endogenous (e. g., adenovirus) TREs 
are preferably removed from the vector. Besides facilitating target cell-specific 
10 replication, removal of endogenous TREs also provides greater insert capacity in a 

vector, which may be of special concern if an adenoviral vector is to be packaged 
within a virus particle. Even more importantly, deletion of endogenous TREs 
prevents the possibility of a recombination event whereby a heterologous TRE is 
*5 deleted and the endogenous TRE assumes transcriptional control of its respective 

yA5 adenovirus coding sequences (thus allowing non-specific replication). In one 

I embodiment, an adenoviral vector is constructed such that the endogenous 

U! transcription control sequences of adenoviral genes are deleted and replaced by one 

s or more heterologous TREs. However, endogenous TREs can be maintained in the 

adenovirus vector(s), provided that sufficient cell-specific replication preference is 
f U 20 preserved. These embodiments are constructed by inserting heterologous TREs 

r% between an endogenous TRE and a replication gene coding segment. Requisite cell- 

^ specific replication preference is determined by conducting assays that compare 

replication of the adenovirus vector in a cell which allows function of the 
heterologous TREs with replication in a cell which does not. 
25 Generally, a TRE will increase replication of a vector in a target cell by at 

least about 2-fold, preferably at least about 5 -fold, preferably at least about 10-fold 
more preferably at least about 20-fold, more preferably at least about 50-fold, more 
preferably at least about 100-fold, more preferably at least about 200-fold, even more 
preferably at least about 400- to about 500- fold, even more preferably at least about 
30 1000- fold, compared to basal levels of replication in the absence of a TRE. The 

acceptable differential can be determined empirically (by measurement of mRNA 
levels using, for example, RNA blot assays, RNase protection assays or other assays 
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known in the art) and will depend upon the anticipated use of the vector and/or the 
desired result. 

Replication-competent adenovirus vectors directed at specific target cells can 
be generated using TREs that are preferentially functional in a target cell. In one 
5 embodiment of the present invention, the target cell is a tumor cell Non-limiting 

examples of tumor cell-specific heterologous TREs, and their respective target cells, 
include: probasin (PB), target cell, prostate cancer (PCT/US98/04132); <x- 
fetoprotein (AFP), target cell liver cancer (PCT/US98/04084); mucin-like 
glycoprotein DF3 (MUC1\ target cell, breast carcinoma (PCT/US98/04080); 

10 carcinoembryonic antigen (CEA), target cells, colorectal, gastric, pancreatic, breast, 

and lung cancers (PCT/US98/04133); plasminogen activator urokinase (uPA) and its 
receptor gene, target cells, breast, colon, and liver cancers (PCT/US98/04080); E2F1 
(cell cycle S-phase specific promoter); target cell, tumors with disrupted 
retinoblastoma gene function, and HER-2/neu (c-erbB2/neu% target cell, breast, 

15 ovarian, stomach, and lung cancers (PCT/US98/04080); tyrosinase, target cell, 

melanoma cells as described herein and uroplakins, target cell, bladder cells as 
described herein. Methods for identification, isolation, characterization and 
utilization of additional target cell-specific TREs are readily available to those of 
skill in the art. 

20 In addition, tumor-specific TREs can be used in conjunction with tissue- 

specific TREs from the following exemplary genes (tissue in which the TREs are 
specifically functional are in parentheses): hypoxia responsive element, vascular 
endothelial growth factor receptor (endothelium), albumin (liver)> factor VII (liver), 
fatty acid synthase (liver), Von Willebrand factor (brain endothelium), alpha-actin 

25 and myosin heavy chain (both in smooth muscle), synthetase I (small intestine) Na + - 

K + -C1" transporter (kidney). Additional tissue-specific TREs are known in the art. 

In one embodiment of the present invention, a target cell-specific, 
heterologous TRE is tumor cell-specific. A vector can comprise a single tumor cell- 
specific TRE or multiple heterologous TREs which are tumor cell-specific and 

30 functional in the same cell. In another embodiment, a vector comprises one or more 

heterologous TREs which are tumor cell-specific and additionally comprises one or 
more heterologous TREs which are tissue specific, whereby all TREs are functional 
in the same cell. 



Prostate-specific TREs 

In one embodiment, adenovirus vectors comprise heterologous TREs that are 
prostate cell specific. For example, TREs that function preferentially in prostate 
cells and can be used to target adenovirus replication to prostate neoplasia, include, 
but are not limited to, TREs derived from the prostate-specific antigen gene (PSA- 
TRE) (Henderson U.S. Patent No. 5,698,443); the glandular kallikrein-1 gene (from 
the human gene, hKLK2-TKE) (PCT US98/16312), and the probasin gene (P5-TRE) 
(PCT/US98/04132). All three of these genes are preferentially expressed in prostate 
cells and their expression is androgen-inducible. Generally, expression of genes 
responsive to androgen induction is mediated by an androgen receptor (AR). 

Prostate-specific Antigen (PSA) 

PSA is synthesized exclusively in prostatic epithelial cells and is synthesized 
in these cells whether they are normal, hyperplastic, or malignant. This tissue- 
specific expression of PSA has made it an excellent biomarker for benign prostatic 
hyperplasia (BPH) and prostatic carcinoma (CaP). Normal serum levels of PSA are 
typically below 5 ng/ml, with elevated levels indicative of BPH or CaP. Lundwall et 
al. (1987) FEBS Lett. 214:317; Lundwall (1989) Biochem. Biophys. Res. Comm. 
1 61 : 1 1 5 1 ; and Riegmann et al. (1 99 1) Molec. Endocrin. 5: 1 92 1 . 

The region of the PSA gene that provides androgen-dependent cell 
specificity, particularly in prostate cells, involves approximately 6.0 kilobases (kb). 
Schuur et al. (1996) J. Biol. Chem. 271:7043-7051. An enhancer region of 
approximately 1.5 kb in humans is located between nt -5322 and nt -3739, relative to 
the transcription start site of the PSA gene. Within these enhancer sequences is an 
androgen response element (ARE) a sequence which binds androgen receptor. The 
sequence coordinates of the PSA promoter are from about nt -540 to nt +8 relative to 
the transcription start site. Juxtapositioning of the enhancer and promoter yields a 
fully functional, minimal prostate-specific TRE (PSA-TKE). Other portions of this 
approximately 6.0 kb region of the PSA gene can be used in the vectors described 
herein, as long as requisite functionality is maintained. 
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Human glandular Kallikrein (hKLK2) 

Human glandular kallikrein (hKLK2, encoding the hK2 protein) is expressed 
exclusively in the prostate and its expression is up-regulated by androgens, primarily 
through transcriptional activation. Wolf et al. (1992) Molec. Endocrinol. 6:753-762; 
Morris (1989) Clin. Exp. Pharm. Physiol. 16:345-351; Qui etal. (1990) J. Urol. 
144:1550-1556; and Young et al. (1992) Biochem. 31:818-824. The levels of hK2 
found in various tumors and in the serum of patients with prostate cancer indicate 
that hK2 antigen may be a significant marker for prostate cancer. Charlesworth et al. 
(1997) Urology 49:487-493. Expression of hK2 has been detected in each of 257 
radical prostatectomy specimens analyzed. Darson et al. (1997) Urology 49:857- 
862. The intensity and extent of hK2 expression, detected using specific antibodies, 
was observed to increase from benign epithelium to high-grade prostatic 
intraepithelial neoplasia (PIN) and adenocarcinoma. 

The activity of the hKLK2 promoter has been described and a region up to 
nt -2256 relative to the transcription start site was previously disclosed. Schedlich et 
al. (1987) DNA 6:429-437. The hKLK2 promoter is androgen responsive and, in 
plasmid constructs wherein the promoter alone controls the expression of a reporter 
gene, expression of the reporter gene is increased approximately 10-fold in the 
presence of androgen. Murtha et al. (1993) Biochem. 32:6459-6464. hKLK2 
enhancer activity is found within a polynucleotide sequence approximately 
nt -12,014 to nt -2257 relative to the start of transcription and, when this sequence is 
operably linked to an hKLK2 promoter and a reporter gene, transcription of operably- 
linked sequences in prostate cells increases in the presence of androgen to levels 
approximately 30-fold to approximately 100-fold greater than the level of 
transcription in the absence of androgen. This induction is generally independent of 
the orientation and position of the enhancer sequences. Enhancer activity has also 
been demonstrated in the following regions (all relative to the transcription start 
site): about nt -3993 to about nt -3643, about nt -4814 to about nt -3643, about 
nt -5155 to about nt -3387, about nt -6038 to about nt -2394. 

Thus, a hKLK2 enhancer can be operably linked to an hKLK2 promoter or a 
heterologous promoter to form a hKLK2 transcriptional regulatory element (hKLK2- 
TRE). A hKLK2-TKE can then be operably linked to a heterologous polynucleotide 
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to confer MX£2-TRE-specific transcriptional regulation on the linked gene, thus 
increasing its expression. 

Probasin 

The rat probasin (PB) gene encodes an androgen and zinc-regulated protein 
first characterized in the dorsolateral prostate of the rat. Dodd et al. (1983) J. Biol. 
Chem. 258:10731-10737; Matusik et al. (1986) Biochem. Cell. Biol. 64:601-607; 
and Sweetland et al. (1988) Mol. Cell. Biochem. 84:3-15. The dorsolateral lobes of 
the murine prostate are considered the most homologous to the peripheral zone of the 
human prostate, where approximately 68% of human prostate cancers are thought to 
originate. 

A P5-TRE has been shown to exist in an approximately 0.5 kb fragment of 
sequence upstream of the probasin coding sequence, from about nt -426 to about 
nt +28 relative to the transcription start site. This minimal promoter sequence from 
the PB gene appears to provide sufficient information to direct prostate-specific 
developmental- and hormone -regulated expression of an operably linked 
heterologous gene in transgenic mice. Greenberg et al. (1994) Mol. Endocrinol. 
8:230-239. 

Alpha-fetoprotein 

a-fetoprotein (AFP) is an oncofetal protein, the expression of which is 
primarily restricted to developing tissues of endodermal origin (yolk sac, fetal liver, 
and gut), although the level of its expression varies greatly depending on the tissue 
and the developmental stage. AFP is of clinical interest because the serum 
concentration of AFP is elevated in a majority of hepatoma patients, with high levels 
of AFP found in patients with advanced disease. High serum AFP levels in patients 
appear to be due to AFP expression in hepatocellular carcinoma (HCC), but not in 
surrounding normal liver. Thus, expression of the AFP gene appears to be 
characteristic of hepatoma cells. An AFP-TRE is described in for example 
PCT/US98/04084. 

According to published reports, the AFP-TRE is responsive to cellular 
proteins (transcription factors and/or co-factor(s)) associated with AFP-producing 
cells, such as AFP-binding protein (see, for example, U.S. Pat. No. 5,302,698) and 
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comprises at least a portion of an AFP promoter and/or an AFP enhancer. Cell- 
specific TREs from the AFP gene have been identified. For example, the cloning 
and characterization of human AFP-specific enhancer activity is described in 
Watanabe et al. (1987) J. Biol. Chem. 262:4812-4818. A 5' AFP regulatory region 
(containing the promoter, putative silencer, and enhancer) is contained within 
approximately 5 kb upstream from the transcription start site. 

Within the AFP regulatory region, a human AFP enhancer region is located 
between about nt -3954 and about nt -3335, relative to the transcription start site of 
the AFP gene. The human AFP promoter encompasses a region from about nt -1 74 
to about nt +29. Juxtapositioning of these two genetic elements, yields a fully 
functional AFP-TRE. Ido et al. (1995) Cancer Res. 55:3105-3109 describe a 259 bp 
promoter fragment (nt -230 to nt +29) that is specific for expression in HCC cells. 
The AFP enhancer, located between nt -3954 and nt -3335 relative to the 
transcription start site, contains two regions, denoted A and B. The promoter region 
contains typical TATA and CAAT boxes. Preferably, the AFP-TRE contains at least 
one enhancer region. More preferably, the AFP-TRE contains both enhancer 
regions. 

Suitable target cells for vectors containing AFP-TKEs are any cell type that 
allow an ^FP-TRE to function. Preferred are cells that express or produce AFP, 
including, but not limited to, tumor cells expressing AFP. Examples of such cells are 
hepatocellular carcinoma (HCC) cells, gonadal and other germ cell tumors 
(especially endodermal sinus tumors), brain tumor cells, ovarian tumor cells, acinar 
cell carcinoma of the pancreas (Kawamoto et al. (1992) Hepatogastroenterology 
39:282-286), primary gall bladder tumor (Katsuragi et al. (1989) Rinsko Hoshasen 
34:371-374), uterine endometrial adenocarcinoma cells (Koyama et al. (1996) Jpn. 
J. Cancer Res. 87:612-617), and any metastases of the foregoing (which can occur in 
lung, adrenal gland, bone marrow, and/or spleen). In some cases, metastatic disease 
to the liver from certain pancreatic and stomach cancers produce AFP. Especially 
preferred as target cells for an AFP-TRE are hepatocellular carcinoma cells and any 
of their metastases. 

AFP production can be measured (and hence AFP-producing cells can be 
identified) using immunoassays standard in the art, such as RIA, ELISA or protein 
immunoblotting (Western blots) to determine levels of AFP protein production; 
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and/or RNA blotting (Northern blots) to determine AFP mRNA levels. 
Alternatively, such cells can be identified and/or characterized by their ability to 
activate transcriptionally m AFP-TRE (i.e., allow an^4FP-TRE to function). 

See also co-owned PCT W098/39465 regarding AFP-TREs. As described in 
5 more detail therein, an AFP-TRE can comprise any number of configurations, 

including, but not limited to, an AFP promoter; an AFP enhancer; an AFP promoter 
and an AFP enhancer; an AFP promoter and a heterologous enhancer; a heterologous 
promoter and an AFP enhancer; and multimers of the foregoing. The promoter and 
enhancer components of an AFP-TRE can be in any orientation and/or distance from 
10 the coding sequence of interest, as long as the desired AFP cell-specific 

transcriptional activity is obtained. An adenovirus vector of the present invention 
can comprise an AFP-TRE endogenous silencer element or the AFP-TRE 
endogenous silencer element can be deleted. 



1 5 Urokinase Plasminogen Activator 

The protein urokinase plasminogen activator (uPA) and its cell surface 
receptor, urokinase plasminogen activator receptor (uPAR), are expressed in many of 
the most frequently-occurring neoplasms and appear to represent important proteins 
in cancer metastasis. Both proteins are implicated in breast, colon, prostate, liver, 
20 renal, lung and ovarian cancer. Sequence elements that regulate uPA and uPAR 

transcription have been extensively studied. Riccio et al (1985) Nucleic Acids Res. 
13:2759-2771; Cannio et al (1991) Nucleic Acids Res. 19:2303-2308. 



Carcinoembryonic antigen (CEA) 

25 CEA is a 180,000 Dalton, tumor-associated, glycoprotein antigen present on 

endodermally-derived neoplasms of the gastrointestinal tract, such as colorectal, 
gastric (stomach) and pancreatic cancer, as well as other adenocarcinomas such as 
breast and lung cancers. CEA is of clinical interest because circulating CEA can be 
detected in the great majority of patients with CEA-positive tumors. In lung cancer, 

30 about 50% of total cases have circulating CEA, with high concentrations of CEA 

(greater than 20 ng/ml) often detected in adenocarcinomas. Approximately 50% of 
patients with gastric carcinoma are serologically positive for CEA. 
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The 5 '-flanking sequence of the CEA gene has been shown to confer cell- 
specific activity. The CEA promoter region, approximately the first 424 nucleotides 
upstream of the transcriptional start site in the 5' flanking region of the gene, was 
shown to confer cell-specific activity by virtue of providing higher promoter activity 
in CEA-producing cells than in non-producing HeLa cells. Schrewe et al. (1990) 
Mol. Cell. Biol. 10:2738-2748. In addition, cell-specific enhancer regions have been 
found. See PCT/GB/02546 The CEA promoter, putative silencer, and enhancer 
elements appears to be contained within a region that extends approximately 14.5 kb 
upstream from the transcription start site. Richards et al. (1995); PCT/GB/02546. 
Further characterization of the 5' -flanking region of the CEA gene by Richards et al. 
(1995) supra indicated that two upstream regions (one between about -13.6 and 
about -10.7 kb, and the other between about -6.1 and about-4.0 kb), when linked to 
the multimerized promoter, resulted in high-level and selective expression of a 
reporter construct in CEA-producing LoVo and SW1463 cells. Richards et al. 
(1995) supra also localized the promoter region between about nt -90 and about 
nt +69 relative to the transcriptional start site, with the region between about nt -41 
and about nt -18 being essential for expression. PCT/GB/02546 describes a series of 
5 '-flanking CEA fragments which confer cell-specific activity, including fragments 
comprising the following sequences: about nt -299 to about nt +69; about nt -90 to 
about nt +69; nt -14,500 to nt -10,600; nt -13,600 to nt -10,600; and nt -6100 to 
nt -3800, with all coordinates being relative to the transcriptional start point, hi 
addition, cell-specific transcription activity is conferred on an operably linked gene 
by the CEA fragment from nt -402 to nt +69. 

CEA-TKE& for use in the vectors disclosed herein are derived from 
mammalian cells, including, but not limited to, human cells. Thus, any of the CEN- 
TRES can be used as long as the requisite desired functionality is displayed by the 
vector. 

Mucin 

The protein product of the MUC1 gene (known as mucin, MUC1 protein; 
episialin; polymorphic epithelial mucin or PEM; EMA; DF3 antigen; NPGP; PAS-O; 
or CA15.3 antigen) is normally expressed mainly at the apical surface of epithelial 
cells lining the glands or ducts of the stomach, pancreas, lungs, trachea, kidney, 
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uterus, salivary glands, and mammary glands. Zotter et al. (1988) Cancer Rev. 11- 
12:55-101; and Girling et al (1989) Int. J. Cancer 43:1072-1076. However, mucin 
is overexpressed in 75-90% of human breast carcinomas. Kufe et al (1984) 
Hybridoma 3:223-232. For reviews, see Hilkens (1988) Cancer Rev. 11-12:25-54; 
and Taylor-Papadimitriou, et al (1990) J. Nucl Med. Allied Sci. 34:144-150. Mucin 
protein expression correlates with the degree of breast tumor differentiation. Lundy 
etal (1985) Breast Cancer Res. Treat 5:269-276. 

Overexpression of the MUCJ gene in human breast carcinoma cells MCF-7 
and ZR-75-1 appears to occur at the transcriptional level Kufe et al (1984) supra; 
Kovarik (1993) J. Biol Chem. 268:9917-9926; and Abe et al (1990) J. Cell 
Physiol 143:226-231. The regulatory sequences of the MUC1 gene have been 
cloned, including the approximately 0.9 kb upstream of the transcription start site 
which contains a TRE that appears to be involved in cell-specific transcription. Abe 
et al (1993) Proc. Natl Acad. Sci. USA 90:282-286; Kovarik et al. (1993) supra; 
and Kovarik etal (1996)/. Biol. Chem. 271:18140-18147. 

MUCl-TKEs are derived from mammalian cells, including but not limited to, 
human cells. Preferably, the MUC1-TKE is human. In one embodiment, the MUC1- 
TRE contains the entire 0.9 kb 5' flanking sequence of the MUC1 gene. In other 
embodiments, MLO-TREs comprise the following sequences (relative to the 
transcription start site of the MUC1 gene) operably-linked to a promoter: about 
nt -725 to about nt +31, about nt -743 to about nt +33, about nt -750 to about nt +33, 
and about nt -598 to about nt +485. 

c-erbB2/HER-2/neu 

The c-erbB2/neu gene (HER-2/neu or HER) is a transforming gene that 
encodes a 185 kD epidermal growth factor receptor-related transmembrane 
glycoprotein. In humans, the c-erbB2/neu protein is expressed during fetal 
development and, in adults, the protein is weakly detectable (by 
immunohistochemistry) in the epithelium of many normal tissues. Amplification 
and/or over-expression of the c-erbB2/neu gene has been associated with many 
human cancers, including breast, ovarian, uterine, prostate, stomach and lung 
cancers. The clinical consequences of overexpression of the c-erbB2/neu protein 
have been best studied in breast and ovarian cancer. c-erbB2/neu protein over- 
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expression occurs in 20 to 40% of intraductal carcinomas of the breast and 30% of 
ovarian cancers, and is associated with a poor prognosis in subcategories of both 
diseases. 

Human, rat and mouse c-erbB2/neu TREs have been identified and shown to 
confer transcriptional activity specific to c-erbB2/neu-cxpressing cells. Tal et al 
(1987) Mol Cell Biol 7:2597-2601; Hudson # al (1990)/. Biol Chern. 
265:4389-4393; Grooteclaes etal (1994) Cancer Res. 54:4193-4199; Ishii etal 
(1987) Proc. Natl Acad. Set USA 84:4374-4378; and Scott et al (1994) /. Biol 
Chem. 269:19848-19858. 

Melanocyte-specific TRE 

It has been shown that some genes which encode melanoma proteins are 
frequently expressed in melanoma/melanocytes, but silent in the majority of normal 
tissues. A variety of melanocyte-specific TRE are known, are responsive to cellular 
proteins (transcription factors and/or co-factor(s)) associated with melanocytes, and 
comprise at least a portion of a melanocyte-specific promoter and/or a melanocyte- 
specific enhancer. Known transcription factors that control expression of one or 
more melanocyte-specific genes include the microphthalmia associated transcription 
factor MITF. Yasumoto et al. (1997)/. Biol Chem. 272:503-509. Other 
transcription factors that control expression of one or more melanocyte specific 
genes include MART- 1 /Melan- A, gplOO, TRP-1 and TRP-2 

Methods are described herein for measuring the activity of a melanocyte- 
specific TRE and thus for determining whether a given cell allows a melanocyte- 
specific TRE to function. 

The melanocyte-specific TREs used in this invention are derived from 
mammalian cells, including but not limited to, human, rat, and mouse. Any 
melanocyte-specific TREs may be used in the adenoviral vectors of the invention. 
Rodent and human 5' flanking sequences from genes expressed specifically or 
preferentially in melanoma cells have been described in the literature and are thus 
made available for practice of this invention and need not be described in detail 
herein. The following are some examples of melanocyte-specific TREs which can 
be used. A promoter and other control elements in the human tyrosinase gene 5' 
flanking region have been described and sequences have been deposited as GenBank 
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Accession Nos. X16073 andD10751. Kikuchi et al. (1989) Biochim. Biophys. Acta 
1009:283-286; and Shibata et al. (1992) J. Biol. Chem. 267:20584-20588. A cis- 
acting element has been defined that enhances melanocyte-specific expression of 
human tyrosinase gene. This element comprises a 20-bp sequence known as 
tyrosinase distal element (TDE), contains a CATGTG motif, and lies at positions 
about -1874 to about -1835 relative to the human tyrosinase gene transcription start 
site. Yasumoto et al. (1994) M?/. Cell. Biol 14:8058-8070. A promoter region 
comprising sequences from about -209 to +61 of the human tyrosinase gene was 
found to direct melanocyte-specific expression. Shibata (1992). Similarly, the 
mouse tyrosinase 5' flanking region has been analyzed and a sequence deposited as 
GenBank Accession Nos. D00439 and X51743. Kltippel et al. (1991) Proc. Natl. 
Acad. Sci. USA 88:3777-3788. A minimal promoter has been identified for the 
mouse TRP-1 gene, and was reported to encompass nucleotides -44 to +107 relative 
to the transcription start site. Lowings et al. (1992) Mol. Cell. Biol. 12:3653-3662. 
Two regulatory regions required for melanocyte-specific expression of the human 
TRP-2 gene have been identified. Yokoyama et al. (1994) J. Biol. Chem. 
269:27080-27087. A human MART-1 promoter region has been described and 
deposited as GenBank Accession No. U5523 1 . Melanocyte-specific promoter 
activity was found in a 233-bp fragment of the human MART-1 gene 5' flanking 
region. Butterfield et al. (1997) Gene 191:129-134. A basic-helix-loop-helix/leucine 
zipper-containing transcription factor, MITF (microphthalmia associated 
transcription factor) was reported to be involved in transcriptional activation of 
tyrosinase and TRP-1 genes. Yasumoto et al. (1997) J. Biol. Chem. 272:503-509. 

In some embodiments, a melanocyte-specific TRE comprises sequences 
derived from the 5' flanking region of a human tyrosinase gene depicted in Table 14. 
In some of these embodiments, the melanocyte-specific TRE comprises tyrosinase 
nucleotides from about -231 to about +65 relative to the transcription start site (from 
about nucleotide 244 to about nucleotide 546 of SEQ ID NO:_J and may further 
comprise nucleotides from about -1956 to about -1716 relative to the human 
tyrosinase transcription start site (from about nucleotide 6 to about nucleotide -243 

of SEQ ID NO: ). A tyrosinase TRE can comprise nucleotides from about -231 to 

about + 65 juxtaposed to nucleotides from about -1956 to about -1716. It has been 
reported that nucleotides from about -1956 to about -1716 relative to the human 
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tyrosinase transcription start site can confer melanocyte-specific expression of an 
operably linked reporter gene with either a homologous or a heterologous promoter. 
Accordingly, in some embodiments, a melanocyte-specific TRE comprises 
nucleotides from about -1956 to about -1716 operably linked to a heterologous 
promoter. 

A melanocyte-specific TRE can also comprise multimers. For example, a 
melanocyte-specific TRE can comprise a tandem series of at least two, at least three, 
at least four, or at least five tyrosinase promoter fragments. Alternatively, a 
melanocyte-specific TRE could have one or more tyrosinase promoter regions along 
with one or more tyrosinase enhancer regions. These multimers may also contain 
heterologous promoter and/or enhancer sequences. 

Cell status-specific TREs 

Cell status-specific TREs for use in the adenoviral vectors of the present 
invention can be derived from any species, preferably a mammal. A number of 
genes have been described which are expressed in response to, or in association with, 
a cell status. Any of these cell status-associated genes may be used to generate a cell 
status-specific TRE. 

An example of a cell status is cell cycle. An exemplary gene whose 
expression is associated with cell cycle is E2F-1, a ubiquitously expressed, growth- 
regulated gene, which exhibits peak transcriptional activity in S phase. Johnson et 
al. (1994) Genes Dev. 8:1514-1525. The RB protein, as well as other members of 
the RB family, form specific complexes with E2F-1, thereby inhibiting its ability to 
activate transcription. Thus, E2F-1 -responsive promoters are down-regulated by RB. 
Many tumor cells have disrupted RB function, which can lead to de-repression of 
E2F-1 -responsive promoters, and, in turn, de-regulated cell division. 

Accordingly, in one embodiment, the invention provides an E3-containing 
adenoviral vector in which an adenoviral gene (preferably a gene necessary for 
replication) is under transcriptional control of a cell status-specific TRE, wherein the 
cell status-specific TRE comprises a cell cycle-activated TRE. In one embodiment, 
the cell cycle-activated TRE is an E2F1 TRE. 

Another group of genes that are regulated by cell status are those whose 
expression is increased in response to hypoxic conditions. Bunn and Poyton (1996) 
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Physiol. Rev. 76:839-885; Dachs and Stratford (1996) Br. J. Cancer 74:5126-5132; 
Guillemin and Krasnow (1997) Cell 89:9-12. Many tumors have insufficient blood 
supply, due in part to the fact that tumor cells typically grow faster than the 
endothelial cells that make up the blood vessels, resulting in areas of hypoxia in the 
tumor. Folkman (1989) J. Natl. Cancer Inst. 82:4-6; and Kallinowski (1996) The 
Cancer J. 9:37-40. An important mediator of hypoxic responses is the 
transcriptional complex HIF-1, or hypoxia inducible factor- 1, which interacts with a 
hypoxia-responsive element (HRE) in the regulatory regions of several genes, 
including vascular endothelial growth factor, and several genes encoding glycolytic 
enzymes, including enolase-1 . Murine HRE sequences have been identified and 
characterized. Firth et al. (1994) Proc. Natl. Acad. Set USA 91:6496-6500. An 
HRE from a rat enolase-1 promoter is described in Jiang et al. (1997) Cancer Res. 
57:5328-5335. An HRE from a rat enolase-1 promoter is depicted in Table 14. 

Accordingly, in one embodiment, an adenovirus vector comprises an 
adenovirus gene, preferably an adenoviral gene essential for replication, under 
transcriptional control of a cell status-specific TRE comprising an HRE. In one 
embodiment, the cell status-specific TRE comprises the HRE depicted in Table 14 

Other cell status-specific TREs include heat-inducible (i.e., heat shock) 
promoters, and promoters responsive to radiation exposure, including ionizing 
radiation and UV radiation. For example, the promoter region of the early growth 
response- 1 (Egr-1) gene contains an element(s) inducible by ionizing radiation. 
Hallahan et al. (1995) Nat. Med. 1:786-791; and Tsai-Morris et al. (1988) Nucl. 
Acids. Res. 16:8835-8846. Heat-inducible promoters, including heat-inducible 
elements, have been described. See, for example Welsh (1990) in "Stress Proteins in 
Biology and Medicine", Morimoto, Tisseres, and Georgopoulos, eds. Cold Spring 
Harbor Laboratory Press; and Perisic et al. (1989) Cell 59:797-806. Accordingly, in 
some embodiments, the cell status-specific TRE comprises an element(s) responsive 
to ionizing radiation. In one embodiment, this TRE comprises a 5' flanking 
sequence of an Egr-1 gene. In other embodiments, the cell status-specific TRE 
comprises a heat shock responsive element. 

The cell status-specific TREs listed above are provided as non-limiting 
examples of TREs that would function in the instant invention. Additional cell 
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status-specific TREs are known in the art, as are methods to identify and test cell 
status specificity of suspected cell status-specific TREs. 

Urothelial cell-specific TREs 

Any urothelial cell-specific TRE may be used in the adenoviral vectors of the 
invention. A number of urothelial cell-specific proteins have been described, among 
which are the uroplakins. Uroplakins (UP), including UPIa and UPIb (27 and 
28 kDa, respectively), UPII (15 kDa), and UPIII (47 kDa), are members of a group 
of integral membrane proteins that are major proteins of urothelial plaques. These 
plaques cover a large portion of the apical surface of mammalian urothelium and 
may play a role as a permeability barrier and/or as a physical stabilizer of the 
urothelial apical surface. Wu et al. (1994) J. Biol Chem. 269:13716-13724. UPs are 
bladder-specific proteins, and are expressed on a significant proportion of urothelial- 
derived tumors, including about 88% of transitional cell carcinomas. Moll et al. 
(1995) Am. J. Pathol 147:1383-1397; and Wuetal. (1998) Cancer Res. 58:1291- 
1297. The control of the expression of the human UPII has been studied, and a 3.6- 
kb region upstream of the mouse UPII gene has been identified which can confer 
urothelial-specific transcription on heterologous genes (Lin et al (1995) Proc. Natl 
Acad. Sci. USA 92:679-683). 

Preferred urothelial cell-specific TREs include TREs derived from the 
uroplakins UPIa, UPIb, UPII, and UPIII, as well as urohingin. A uroplakin TRE 
may be from any species, depending on the intended use of the adenovirus, as well as 
the requisite functionality is exhibited in the target or host cell Significantly, 
adenovirus constructs comprising a urothelial cell-specific TREs have observed that 
such constructs are capable of selectively replicating in urothelial cells as opposed to 
smooth muscle cells, which adjoin urothelial cells in the bladder. 

Uroplakin 

Urothelial-specific TREs derived from the hUPII gene are described herein. 
Accordingly, in some embodiments, an adenovirus vector of the invention comprises 
an adenovirus gene, preferably an adenoviral gene essential for replication, under 
transcriptional control of a urothelial cell-specific TRE which comprises the 2.2 kb 
sequence from the 5' flanking region of hUPII gene, as shown in Table 14. In other 
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embodiments, an adenovirus vector of the invention comprises an adenovirus gene, 
preferably an adenoviral gene essential for replication, under transcriptional control 
of a urothelial cell-specific TRE which comprises a 1 .8 kb sequence from the 5' 
flanking region of hUPII gene, from nucleotides 430 to 2239 as shown in Table 14. 
In other embodiments, the urothelial cell-specific TRE comprises a functional 
portion of the 2.2 kb sequence depicted in Table 14, or a functional portion of the 1.8 
kb sequence of nucleotides 430 to 2239 of the sequence depicted in Table 14, such as 
a fragment of 2000 bp or less, 1500 bp or less, or 1000 bp or less, 600 bp less, or at 
least 200 bp which includes the 200 bp fragment of the hUPII 5 '-flanking region. 

A 3.6 kb 5'-flanking sequence located from the mouse UPII (mUPII) gene 
which confers urothelial cell-specific transcription on heterologous genes is one 
urothelial cell-specific TRE useful in vectors of the instant invention (Table 14). 
Smaller TREs (i.e., 3500 bp or less, more preferably less than about 2000 bp, 1500 
bp, or 1000 bp) are preferred. Smaller TREs derived from the mUPII 3.6 kb 
fragment are one group of preferred urothelial cell-specific TREs. In particular, 
Inventors have identified an approximately 600 bp fragment from the 5' flanking 
DNA of the mUPII gene, which contains 540 bp of 5' untranslated region (UTR) of 
the mUPII gene, that confers urothelial cell-specific expression on heterologous 
genes. 

Accordingly, in some embodiments, an adenovirus vector comprises an 
adenovirus gene, preferably an adenoviral gene essential for replication, under 
transcriptional control of a urothelial cell-specific TRE which comprises the 3.6 kb 
sequence from the 5' flanking region of mouse UPII gene, as shown in Table 14. In 
other embodiments, the urothelial cell-specific TRE comprises a functional portion 
of the 3.6 kb sequence depicted in Table 14, such as a fragment of 3500 bp or less, 
2000 bp or less, 1500 bp or less, or 1000 bp or less which includes the 540 bp 
fragment of 5' UTR. The urothelial cell-specific TRE may also be a sequence which 
is substantially identical to the 3.6 kb mUPII 5'-flanking region or any of the 
described fragments thereof. 

As an example of how urothelial cell-specific TRE activity can be 
determined, a polynucleotide sequence or set of such sequences can be generated 
using methods known in the art, such as chemical synthesis, site-directed 
mutagenesis, PCR, and/or recombinant methods. The sequence(s) to be tested is 
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inserted into a vector containing an appropriate reporter gene, including, but not 
limited to, chloramphenicol acetyl transferase (CAT), (3-galactosidase (encoded by 
the lacZ gene), luciferase (encoded by the luc gene), a green fluorescent protein, 
alkaline phosphatase, and horse radish peroxidase. Such vectors and assays are 
readily available, from, inter alia, commercial sources. Plasmids thus constructed are 
transfected into a suitable host cell to test for expression of the reporter gene as 
controlled by the putative target cell-specific TRE using transfection methods known 
in the art, such as calcium phosphate precipitation, electroporation, liposomes 
(lipofection) and DEAE dextran. Suitable host cells include any urothelial cell type, 
including but not limited to, KU-1, MYP3 (a non-tumorigenic rat urothelial cell 
line), 804G (rat bladder carcinoma cell line), cultured human urothelial cells (HUC), 
HCV-29, UM-UC-3, SW780, RT4, HL60, KG-1, and KG-1A. Non-urothelial cells, 
such as LNCaP, HBL-100, HLF, HLE, 3T3, Hep3B, HuH7, CADO-LC9, and HeLa 
are used as a control. Results are obtained by measuring the level of expression of 
the reporter gene using standard assays. Comparison of expression between 
urothelial cells and control indicates presence or absence of transcriptional 
activation. 

Comparisons between or among various urothelial cell-specific TREs can be 
assessed by measuring and comparing levels of expression within a single urothelial 
cell line. It is understood that absolute transcriptional activity of a urothelial cell- 
specific TRE will depend on several factors, such as the nature of the target cell, 
delivery mode and form of the urothelial cell-specific TRE, and the coding sequence 
that is to be selectively transcriptionally activated. To compensate for various 
plasmid sizes used, activities can be expressed as relative activity per mole of 
transfected plasmid. Alternatively, the level of transcription (i.e., mRNA) can be 
measured using standard Northern analysis and hybridization techniques. Levels of 
transfection (i.e., transfection efficiencies) are measured by co-transfecting a plasmid 
encoding a different reporter gene under control of a different TRE, such as the 
CMV immediate early promoter. This analysis can also indicate negative regulatory 
regions, i.e., silencers. 

Alternatively a putative urothelial cell-specific TRE can be assessed for its 
ability to confer adenoviral replication preference for cells that allow a urothelial 
cell-specific TRE to function. For this assay, constructs containing an adenovirus 
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gene essential to replication operatively linked to a putative urothelial cell-specific 
TRE are transfected into urothelial cells. Viral replication in those cells is compared, 
for example, to viral replication by wild type adenovirus in those cells and/or viral 
replication by the construct in non-urothelial cells. 

TRE configurations 

A TRE as used in the present invention can be present in a variety of 
configurations. A TRE can comprise multimers. For example, a TRE can comprise 
a tandem series of at least two, at least three, at least four, or at least five target cell- 
specific TREs. These multimers may also contain heterologous promoter and/or 
enhancer sequences. 

Optionally, a transcriptional terminator or transcriptional "silencer" can be 
placed upstream of the target cell-specific TRE, thus preventing unwanted read- 
through transcription of the coding segment under transcriptional control of the 
target cell-specific TRE. Also, optionally, the endogenous promoter of the coding 
segment to be placed under transcriptional control of the target cell-specific TRE can 
be deleted. 

A target cell-specific TRE may or may not lack a silencer. The presence of a 
silencer (i.e., a negative regulatory element) may assist in shutting off transcription 
(and thus replication) in non-permissive cells (i.e., a non-target cell). Thus, presence 
of a silencer may confer enhanced target cell-specific replication by more effectively 
preventing adenoviral vector replication in non-target cells. Alternatively, lack of a 
silencer may assist in effecting replication in target cells, thus conferring enhanced 
target cell-specific replication due to more effective replication in target cells. 

It is also understood that the invention includes a target cell-specific TRE 
regulating the transcription of a bicistronic mRNA in which translation of the second 
mRNA is associated by an IRES. An adenovirus vector may further include an 
additional heterologous TRE which may or may not be operably linked to the same 
gene(s) as the target cell-specific TRE. For example a TRE (such as a cell type- 
specific or cell status-specific TRE) may be juxtaposed to a second type of target- 
cell-specific TRE. "Juxtaposed" means a target cell-specific TRE and a second TRE 
transcriptionally control the same gene. For these embodiments, the target cell- 
specific TRE and the second TRE may be in any of a number of configurations, 
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including, but not limited to, (a) next to each other (i.e., abutting); (b) both 5' to the 
gene that is transcriptionally controlled (i.e., may have intervening sequences 
between them); (c) one TRE 5' and the other TRE 3' to the gene. 

As is readily appreciated by one skilled in the art, a target cell-specific TRE 
is a polynucleotide sequence, and, as such, can exhibit function over a variety of 
sequence permutations. Methods of nucleotide substitution, addition, and deletion 
are known in the art, and readily available functional assays (such as the CAT or 
luciferase reporter gene assay) allow one of ordinary skill to determine whether a 
sequence variant exhibits requisite target cell-specific transcription function. Hence, 
the invention also includes functionally-preserved variants of the TRE nucleic acid 
sequences disclosed herein, which include nucleic acid substitutions, additions, 
and/or deletions. The variants of the sequences disclosed herein may be 80%, 85%, 
90%, 95%, 98%, 99% or more identical, as measured by, for example, ALIGN Plus 
(Scientific and Educational Software, Pennsylvania), preferably using efault 
parameters, which are as follows: mismatch = 2; open gap = 0; extend gap = 2 to any 
of the urothelial cell-specific TRE sequences disclosed herein. Variants of target 
cell-specific TRE sequences may also hybridize at high stringency, that is at 68°C 
and 0.1XSSC, to any of the target cell-specific TRE sequences disclosed herein. 

In terms of hybridization conditions, the higher the sequence identity 
required, the more stringent are the hybridization conditions if such sequences are 
determined by their ability to hybridize to a sequence of a TRE disclosed herein. 
Accordingly, the invention also includes polynucleotides that are able to hybridize to 
a sequence comprising at least about 15 contiguous nucleotides (or more, such as 
about 25, 35, 50, 75 or 100 contiguous nucleotides) of a sequence of a TRE disclosed 
herein. The hybridization conditions would be stringent, i.e., 80°C (or higher 
temperature) and 6M SSC (or less concentrated SSC). Another set of stringent 
hybridization conditions is 68°C and 0.1 X SSC. For discussion regarding 
hybridization reactions, see below. 

Hybridization reactions can be performed under conditions of different 
"stringency". Conditions that increase stringency of a hybridization reaction of 
widely known and published in the art. See, for example, Sambrook et al. (1989) at 
page 7.52. Examples of relevant conditions include (in order of increasing 
stringency): incubation temperatures of 25°C, 37°C, 50°C and 68°C; buffer 
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concentrations of 10 X SSC, 6 X SSC, 1 X SSC, 0.1 X SSC (where SSC is 0.15 M 
NaCl and 15 mM citrate buffer) and their equivalents using other buffer systems; 
formamide concentrations of 0%, 25% 50%, and 75%; incubation times from 5 
minutes to 24 hours; 1, 2, or more washing steps; wash incubation times of 1, 2, or 
15 minutes; and wash solutions of 6 X SSC, 1 X SSC, 0.1 X SSC, or deionized 
water. An exemplary set of stringent hybridization conditions is 68°C and 0.1 X 
SSC. 

"T m " is the temperature in degrees Celcius at which 50% of a polynucleotide 
duplex made of complementary strands hydrogen bonded in anti-parallel direction by 
Watson-Crick base pairing dissociates into single strands under conditions of the 
experiment. T m may be predicted according to a standard formula, such as: 

T m = 81.5 + 16.6 log[X + ] + 0.41 (%G/C) - 0.61 (%F) - 600/L 

where [X 4 "] is the cation concentration (usually sodium ion, Na + ) in mol/L; (%G/C) is 
the number of G and C residues as a percentage of total residues in the duplex; (%F) 
is the percent formamide in solution (wt/vol); and L is the number of nucleotides in 
each strand of the duplex. 

While not wishing to be bound by a single theory, the inventors note that it is 
possible that certain modifications will result in modulated resultant expression 
levels, including enhanced expression levels. Achievement of modulated resultant 
expression levels, preferably enhanced expression levels, may be especially desirable 
in the case of certain, more aggressive forms of cancer, or when a more rapid and/or 
aggressive pattern of cell killing is warranted (due to an immunocompromised 
condition of the individual, for example). 

Determination of TRE activity 

Activity of a TRE can be determined, for example, as follows. A TRE 
polynucleotide sequence or set of such sequences can be generated using methods 
known in the art, such as chemical synthesis, site-directed mutagenesis, PCR, and/or 
recombinant methods. The sequence(s) to be tested can be inserted into a vector 
containing a promoter (if no promoter element is present in the TRE) and an 
appropriate reporter gene encoding a reporter protein, including, but not limited to, 
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chloramphenicol acetyl transferase (CAT), p-galactosidase (encoded by the lacZ 
gene), luciferase (encoded by the luc gene), alkaline phosphatase (AP), green 
fluorescent protein (GFP), and horseradish peroxidase (HRP). Such vectors and 
assays are readily available, from, inter alia, commercial sources. Plasmids thus 
constructed are transfected into a suitable host cell to test for expression of the 
reporter gene as controlled by the putative TRE using transfection methods known in 
the art, such as calcium phosphate precipitation, electroporation, liposomes, DEAE 
dextran-mediated transfer, particle bombardment or direct injection. TRE activity is 
measured by detection and/or quantitation of reporter gene-derived mRNA and/or 
protein. Reporter protein product can be detected directly {e.g., immunochemical^) 
or through its enzymatic activity, if any, using an appropriate substrate. Generally, 
to determine cell specific activity of a TRE, a TRE-reporter gene construct is 
introduced into a variety of cell types. The amount of TRE activity is determined in 
each cell type and compared to that of a reporter gene construct lacking the TRE. A 
TRE is determined to be cell-specific if it is preferentially functional in one cell type, 
compared to a different type of cell. 

Internal Ribosome Entry Site (IRES) 

IRES elements were first discovered in picornavirus mRNAs (Jackson RJ ? 
Howell MT, Kaminski A (1990) Trends Biochem Sci 15(12):477-83) and Jackson RJ 
and Kaminski, A. (1995) RNA 1(10):985-1000). The present invention provides 
improved adenovirus vectors comprising co-transcribed first and second genes under 
transcriptional control of a heterologous, target cell-specific TRE, and wherein the 
second gene (i.e., coding region) is under translational control of an internal 
ribosome entry site (IRES). Any IRES may be used in the adenovirus vectors of the 
invention, as long as they exhibit requisite function in the vectors. Example of IRES 
which can be used in the present invention include those provided in Table I and 
referenced in Table II. Examples of ERES elements include the encephelomycarditis 
virus (EMCV) which is commercially available from Novagen (Duke et al. (1992) J. 
Virol 66(3):1602-9) the sequence for which is depicted in Table 1 (SEQIDNO:l). 
Another example of an IRES element disclosed herein is the VEGF IRES (Huez et 
al. (1998) Mol Cell Biol 18(1 1):6178-90). This IRES has a short segment and the 
sequence is depicted in Table 1 (SEQ ID NO:2). 
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The IRES promotes direct internal ribosome entry to the initiation codon of a 
downstream cistron, leading to cap-independent translation. Thus, the product of a 
downstream cistron can be expressed from a bicistronic (or multicistronic) mRNA, 
without requiring either cleavage of a polyprotein or generation of a monocistronic 
mRNA. Therefore, in one illustrative embodiment of the present invention, an 
adenovirus vector comprising E1B under translational control of an IRES allows 
translation of E1B from a bicistronic El A-E1B mRNA under control of a target cell- 
specific TRE. 

Internal ribosome entry sites are approximately 450 nucleotides in length and 
are characterized by moderate conservation of primary sequence and strong 
conservation of secondary structure. The most significant primary sequence feature 
of the IRES is a pyrimidine-rich site whose start is located approximately 25 
nucleotides upstream of the V end of the IRES. See Jackson et al(1990). 

Three major classes of picornavirus IRES have been identified and 
characterized: (1) the cardio- and aphtho virus class (for example, the 
encephelomycarditis virus, Jang et al. (1990) GeneDev 4:1560-1572); (2) the entero- 
and rhino virus class (for example, polioviruses, Borman et al. (1994) EMBO J. 
13:314903157); and (3)the hepatitis A virus (HAV) class, Glass et al. (1993) Virol 
193:842-852). For the first two classes, two general principles apply. First, most of 
the 450-nucleotide sequence of the IRES functions to maintain particular secondary 
and tertiary structures conducive to ribosome binding and translational initiation. 
Second, the ribosome entry site is an AUG triplet located at the V end of the IRES, 
approximately 25 nucleotides downstream of a conserved oligopyrimidine tract. 
Translation initiation can occur either at the ribosome entry site (cardioviruses) or at 
the next downstream AUG (entero/rhino virus class). Initiation occurs at both sites in 
aphthoviruses. 

HCV and pestiviruses such as bovine viral diarrhea virus (B VD V) or 
classical swine fever virus (CSFV) have 341 nt and 370 nt long 5 ? -UTR respectively. 
These 5'-UTR fragments form similar RNA secondary structures and can have 
moderately efficient IRES function (Tsukiyama-Kohara et al. (1992) J. Virol 
66:1476-1483; Frolov I et al., (1998) SNA 4:1418-1435). Table I depicts the 5'-UTR 
region from HCV genome sequence (GenBank accession D14853). 
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Leishmania RNA virus 1 (LRV1) is a double-stranded RNA virus. Its 128 nt 
long 5'-UTR has IRES activity to facilitate the cap-independent translation, (Maga et 
al. (1995) Mol Cell Biol 15:4884-4889). This fragment also forms conserved 
stemloop secondary structure and at least the front part is essential. 

Recent studies showed that both Friend-murine leukemia virus (MLV) 
5'-UTR and rat retrotransposon virus-like 30S (VL30) sequences contain IRES 
structure of retroviral origin (Torrent et al. (1996) Hum Gene Ther 7:603-612). 
These fragments are also functional as packing signal when used in retroviruse 
derived vectors. Studies of avian reticuloendotheliosis virus type A (REV- A) show 
that its IRES maps downstream of the packaging/dimerization (E/DLS) sequence and 
the minimal IRES sequence appears to be within a 129 nt fragment (452-580) of the 
5' leader, immediately upstream of the gag AUG codon (Lopez-Lastra et al. (1997) 
Hum Gene Ther 8:1855-1865). 

In eukaryotic cells, translation is normally initiated by the ribosome scanning 
from the capped mRNA 5' end, under the control of initiation factors. However, 
several cellular mRNAs have been found to be with IRES structure to mediate the 
cap-independent translation (van der Velde, et al. (1999) Int JBiochem Cell BioL 
31:87-1 06). Examples are immunoglobulin heavy-chain binding protein (BiP) 
(Macejak et al. (1991) Nature 353:90-94), antennapedia mRNA of Drosophilan (Oh 
et al. (1992) Gene andDev 6:1643-1653), fibroblast growth factor-2 (FGF-2) 
(Vagner et al. (1995) Mol Cell Biol 15:35-44), platelet-derived growth factor B 
(PDGF-B) (Bernstein et al. (1997) J Biol Chem 272:9356-9362), insulin-like growth 
factor II (Teerink et al. (1995) Biochim Biophys Acta 1264:403-408), and the 
translation initiation factor eIF4G (Gan et al. (1996) J Biol Chem 271:623-626). 
Table 1 depicts the 5 ? -noncoding region for BiP and PDGF. Recently, vascular 
endothelial growth factor (VEGF) was also found to have IRES element (Stein et al. 
(1998) Mol Cell Biol 18:31 12-31 19; Huez et al (1998) Mol Cell Biol 18:6178-6190). 

Apart from the oligopyrimidine tract, nucleotide sequence per se does not 
appear to be important for IRES function. Without wishing to be bound by theory, a 
possible explanation for the function of an IRES is that it forms secondary and/or 
tertiary structures which orient particular single-stranded regions of its sequence in a 
three-dimensional configuration that is conducive to interaction with a mammalian 
ribosome (either ribosomal protein and/or ribosomal RNA components) and/or 
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initiation factor(s) and/or RNA binding proteins which interact with ribosomes 
and/or initiation factors. It is also possible that the three-dimensional structure of the 
IRES is determined or stabilized by one or more RNA-binding proteins. Thus it is 
possible to devise synthetic IRES sequences having similar single-stranded regions 
in a similar three-dimensional configuration. 

In certain cases, one or more fr-a/^-acting cellular proteins may be required 
for IRES function. For example, the HAV and entero/rhinovirus IRESes function 
inefficiently in vitro in reticulocyte lysates. Supplementation of a reticulocyte lysate 
with a cytoplasmic extract from HeLa, Krebs II ascites, or L-cells restores activity of 
entero/rhinovirus IRESes. See, for example, Brown et ah (1979) Virology 97:396- 
405; and Dornere/a/. (1984)/. Virol 50:507-514. Activity of the HAV IRES in 
vitro is stimulated by liver cytoplasmic extracts. Glass et ah (1993) Virology 
193:1047-1050. These observations indicate that cell-specific translational 
regulation can be achieved through the use of a cell-specific IRES. Furthermore, 
coordinated cell-specific transcriptional and translational regulatory elements can be 
included in a vector to further increase cell specificity of viral replication. For 
example, the combination of an AFP-TRE and a HAV-IRES can be used to direct 
preferential replication of a vector in hepatic cells. Thus, in one illustrative 
embodiment, a vector comprises an AFP-TRE regulating the transcription of a 
bicistronic El A-E1B mRNA in which E1B translation is regulated by an ECMV 
IRES. In another illustrative embodiment, the vector comprises a probasin-TRE 
regulating the transcription of a bicistronic El A-E1B mRNA in which E1B 
translation is regulated by an ECMV IRES. In yet another illustrative embodiment, a 
vector comprises a CMV-TRE regulating the transcription of a bicistronic El A-E1B 
mRNA in which E1B translation is regulated by an ECMV IRES. In examples 
disclosed herein, E1B has a deletion of the 19-kDa region. 

Examples of IRES which can be used in the present invention include those 
provided in Table 12 and Table 13. In order to test for an IRES sequence which may 
be used in the present invention, a test vector is produced having a reporter gene, 
such as luciferase, for example, placed under translational control of an IRES to be 
tested. A desired cell type is transfected with the vector containing the desired 
ERES-reporter gene and an assay is performed to detect the presence of the reporter 
gene. In one illustrative example, the test vector comprises a co-transcribed 
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chloramphenicol transferase (CAT) and luciferase encoding gene transcriptionally 
driven by a CMV promoter wherein the luciferase encoding gene is translationally 
driven by an IRES to be tested. Host cells are transiently transfected with the test 
vector by means known to those of skill in the art and assayed for the presence of 
luciferase. 

IRES may be prepared using standard recombinant and synthetic methods 
known in the art, and as described in the Examples. For cloning convenience, 
restriction sites may be engineered into the ends of the IRES fragments to be used. 

Adenovirus early genes 

The adenovirus vectors of the invention comprise adenovirus genes under the 
control of a target cell-specific TRE. Preferably an adenovirus gene essential for 
replication. Any gene that is essential for adenovirus replication, such as El A, E1B, 
E2, E4 or any of the late genes, is useful. The adenovirus may also comprise E3. In 
addition, one or more of the genes can be a transgene or heterologous gene. Any of 
the various adenovirus serotypes can be used, such as, for example, Ad2, Ad5, Adl2 
and Ad40. For purposes of illustration, the Ad5 serotype is exemplified herein. 

The El A gene is expressed immediately (between 0 and 2 hours) after viral 
infection, before any other viral genes. El A protein is a trans-acting positive 
transcriptional regulatory factor, and is required for the expression of the other early 
viral genes E1B, E2, E3, E4, and the promoter-proximal major late genes. Despite 
the nomenclature, the promoter proximal genes driven by the major late promoter are 
also expressed during early times after Ad5 infection. Flint (1982) Biochem. 
Biophys. Acta 651:175-208; Flint {19^6) Advances Virus Research 31:169-228; 
and Grand (1987) Biochem. J. 241:25-38. In the absence of a functional El A gene, 
viral infection does not proceed, because the gene products necessary for viral DNA 
replication are not produced. Nevins (1989) A/v. Virus Res. 31:35-81. The 
transcription start site of Ad5 El A is at coordinate 498 and the ATG start site of the 
El A protein is at coordinate 560 in the virus genome. 

The E1B protein is necessary in trans for transport of late mRNA from the 
nucleus to the cytoplasm. Defects in E1B expression result in poor expression of late 
viral proteins and an inability to shut off host cell protein synthesis. The promoter of 
E1B has been implicated as the defining element of difference in the host range of 
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Ad40 and Ad5: clinically Ad40 is an enterovirus, whereas Ad5 causes acute 
conjunctivitis. Bailey etal (1993) Virology 193:631; Bailey et al (1994) Virology 
202:695-706. The E1B promoter of Ad5 consists of a single high-affinity 
recognition site for Spl and a TATA box, and extends from Ad5 nt 1636 to 1701. 

Adenovirus E1B 19-kDa (19K) protein is a potent inhibitor of apoptosis and 
cooperates with El A to produce oncogenic transformation of primary cells (Rao, et 
al, 1992, Cell Biology, 89:7742-7746). During productive adenovirus infection, 
El A stimulates host cell DNA synthesis, thereby causing cells to aberrantly go 
through the cell cycle. In response to cell cycle deregulation, the host cell undergoes 
apoptosis. As a defense mechanism, the E1B 19-kDa protein inhibits this E1A- 
induced apoptosis and allows assembly of viral progeny to be completed before the 
cell commits suicide. E1B 19-kDa conducts anti-apoptotic function by multiple 
mechanisms. E1B 19-kDa inhibits the apoptosis of multiple stimuli, including El a, 
p53 and TNF, for example. According to wild-type Ad5 , the E1B 19-kDa region is 
located between nucleotide 1714 and nucleotide 2244. The E1B 19-kDa region has 
been described in, for example, Rao et al, Proa Natl Acad, Set USA, 89:1142- 
1146. 

In a preferred embodiment, expression of the El A and E1B regions of the Ad 
genome is facilitated in a cell-specific fashion by placing a cell-specific TRE 
upstream of El A and a internal ribosome entry site between El A and E1B. 

The E2 region of adenovirus encodes proteins related to replication of the 
adenoviral genome, including the 72 kD DNA-binding protein, the 80 kD precursor 
terminal protein and the viral DNA polymerase. The E2 region of Ad5 is transcribed 
in a rightward orientation from two promoters, termed E2 early and E2 late, mapping 
at 76.0 and 72.0 map units, respectively. While the E2 late promoter is transiently 
active during late stages of infection and is independent of the El A transactivator 
protein, the E2 early promoter is crucial during the early phases of viral replication. 

The E2 early promoter of Ad5 is located between nucleotides 27,050 and 
27,150, and consists of a major and a minor transcription initiation site (the latter 
accounting for about 5% of E2 transcripts), two non-canonical TATA boxes, two 
E2F transcription factor binding sites and an ATF transcription factor binding site. 
For a detailed review of E2 promoter architecture see Swaminathan et al. (1995) 
Curr. Topics in Micro, and 1mm. 199 part 3:177-194. 
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The E2 late promoter overlaps with the coding sequences of a gene encoded 
by the counterstrand and is therefore not amenable for genetic manipulation. 
However, the E2 early promoter overlaps by only a few base pairs with sequences on 
the counterstrand which encode a 33 kD protein. Notably, an Spel restriction site 
(Ad5 position 27,082) is part of the stop codon for the above mentioned 33 kD 
protein and conveniently separates the major E2 early transcription initiation site and 
TATA box from the upstream E2F and ATF binding sites. Therefore, insertion of a 
heterologous TRE having Spel ends into the Spel site disrupts the endogenous E2 
early promoter of Ad5 and allows TRE-regulated expression of E2 transcripts. 

An E3 region refers to the region of the adenoviral genome that encodes the 
E3 products. The E3 region has been described in various publications, including, 
for example, Wold et al. (1995) Curr. Topics Microbiol Immunol. 199:237-27 r 4. 
Generally, the E3 region is located between about 28583 and about 30470 of the 
adenoviral genome. An E3 region for use in the present invention may be from any 
adenovirus serotype. An E3 sequence is a polynucleotide sequence that contains a 
sequence from an E3 region. In some embodiments, the sequence encodes ADP. In 
other embodiments, the sequence encodes other than ADP and excludes a sequence 
encoding only ADP. As is well known in the art, the ADP coding region is located 
in the E3 region within the adenoviral genome from about 29468 bp to about 29773 
bp; including the Y leader, the location of ADP is from about 28375 bp to about 
29773 bp for Ad5. Other ADP regions for other serotypes are known in the art. An 
E3 sequence includes, but is not limited to, deletions; insertions; fusions; and 
substitutions. An E3 sequence may also comprise an E3 region or a portion of the 
E3 region. It is understood that, as an "E3 sequence" is not limited to an "E3 
region", alternative references herein to an "E3 region" or "E3 sequence" do not 
indicate that these terms are interchangeable. Assays for determining a functional E3 
sequence for purposes of this invention are described herein. 

The E4 gene has a number of transcription products and encodes two 
polypeptides (the products of open reading frames (ORFs) 3 and 6) which are 
responsible for stimulating the replication of viral genomic DNA and stimulating late 
gene expression, through interaction with heterodimers of cellular transcription 
factors E2F-1 and DP-1 . The ORF 6 protein requires interaction with the E1B 55 kD 
protein for activity while the ORF 3 protein does not. In the absence of functional 
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ORF 3- and ORF 6-encoded proteins, efficiency of plaque formation is less than 10' 
that of wild type virus. 

To further increase cell-specificity of replication, it is possible to take 
advantage of the interaction between the E4 ORF 6 gene product and the E1B 55 kD 
protein. For example, if E4 ORFs 1-3 are deleted, viral DNA replication and late 
gene synthesis becomes dependent on E4 ORF6 protein. By generating such a 
deletion in a vector in which the E1B region is regulated by a cell-specific TRE, a 
virus is obtained in which both E1B and E4 functions are dependent on the cell- 
specific TRE which regulates E1B. 

Late genes relevant to the disclosed vectors are LI, L2 and L3, which encode 
proteins of the virion. All of these genes (typically coding for structural proteins) are 
probably required for adenoviral replication. All late genes are under the control of 
the major late promoter (MLP), which is located in Ad5 between nucleotides 5986 
and 6048. 

In one embodiment, an adenovirus early gene is under transcriptional control 
of a cell specific, heterologous TRE. In additional embodiments, the early gene is 
selected from the group including El A, E1B, E2, E3, E4. In another embodiment, 
an adenovirus late gene is under transcriptional control of a cell specific, 
heterologous TRE. In further embodiments, two or more early genes are under the 
control of heterologous TREs that function in the same target cell. The heterologous 
TREs can be the same or different, or one can be a variant of the other. In additional 
embodiments, two or more late genes are under the control of heterologous TREs 
that function in the same target cell. The heterologous TREs can be the same or 
different, or one can be a variant of the other. In yet another embodiment, one or 
more early gene(s) and one or more late gene(s) are under transcriptional control of 
the same or different heterologous TREs, wherein the TREs function in the same 
target cell. 

In some embodiments of the present invention, the adenovirus vector 
comprises the essential gene El A and the El A promoter is deleted. In other 
embodiments, the adenovirus vector comprises the essential gene El A and the El A 
enhancer I is deleted. In yet other embodiments, the El A promoter is deleted and 
El A enhancer I is deleted. In other embodiments, an internal ribosome entry site 
(IRES) is inserted upstream of E1B (so that E1B is translationally linked), and a 
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target cell-specific TRE is operably linked to El A. In still other embodiments, an 
(IRES) is inserted upstream of E1B (so that E1B is translationally linked), and target 
cell-specific TRE is operably linked to El A, which may or may not maintain the 
El A promoter and/or enhancer I (i.e., the El A promoter and/or enhancer I may be, 
but not necessarily be, deleted). In other embodiments, the 19-kDa region of E1B is 
deleted. For adenovirus vectors comprising a second gene under control of an IRES, 
it is preferred that the endogenous promoter of a gene under translational control of 
an IRES be deleted so that the endogenous promoter does not interfere with 
transcription of the second gene. It is preferred that the second gene be in frame with 
the IRES if the IRES contains an initiation codon. If an initiation codon, such as 
ATG, is present in the IRES, it is preferred that the initiation codon of the second 
gene is removed and that the IRES and second gene are in frame. Alternatively, if 
the IRES does not contain an initiation codon or if the initiation codon is removed 
from the IRES, the initiation codon of the second gene is used. 

Adenovirus death protein (ADP) gene and gene product 

In the construction of adenovirus vectors, the E3 region is often deleted to 
facilitate insertion of one or more TREs and/or transgenes. In some embodiments, 
however, the adenovirus death protein (ADP), encoded within the E3 region, is 
retained in an adenovirus vector. The ADP gene, under control of the major late 
promoter (MLP), appears to code for a protein (ADP) that is important in expediting 
host cell lysis. Tollefeon <?f a/. (1992) J. Virol 66:3633; and Tollefson etal (1996) 
J. Virol 70:2296. Thus, inclusion of an ADP gene in a viral vector can render the 
vector more potent, making possible more effective treatment and/or a lower dosage 
requirement. 

An ADP coding sequence is obtained preferably from Ad2 (since this is the 
strain in which the ADP has been most fully characterized) using techniques known 
in the art, such as PCR. Preferably, the Y leader (which is an important sequence for 
correct expression of late genes) is also obtained and placed in operative linkage to 
the ADP coding sequence. The ADP coding sequence (with or without the Y leader) 
is then introduced into an adenoviral genome, for example, in the E3 region, where 
expression of the ADP coding sequence will be driven by the MLP. The ADP 
coding sequence can, of course, also be inserted in other locations of the adenovirus 
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genome, such as the E4 region. Alternatively, the ADP coding sequence can be 
operably linked to a heterologous TRE, including, but not limited to, another viral 
TRE or a target cell-specific TRE (see infra). In another embodiment, the ADP gene 
is present in a viral genome such that it is transcribed as part of a multi-cistronic 
mRNA in which its translation is associated with an IRES. 

E3-containing target cell-specific adenoviral vectors 
In some embodiments, the adenovirus vectors contain an E3 region, or a 
portion of an E3 region. Inclusion of the E3 region of adenovirus can enhance 
cytotoxicity of the target cell-specific adenoviral vectors of the present invention. 
Adenoviral vectors containing an E3 region may maintain their high level of 
specificity and can be (a) significantly more cytotoxic; (b) produce higher virus yield 
including extracellular virus yield; (c) form larger plaques; (d) produce rapid cell 
death; and (e) kill tumors more efficiently in vivo than vectors lacking the E3 region. 
The adenoviral vectors of this invention may contain the E3 region or a portion of 
the E3 region. It is understood that, as inclusion of E3 confers observable and 
measurable functionality on the adenoviral vectors, for example, increased 
replication and production, functionally equivalent (in which functionality is 
essentially maintained, preserved, or even enhanced or diminished) variants of E3 
may be constructed. For example, portions of E3 may be used. A portion may be, 
non-inclusively, either of the following: (a) deletion, preferably at the 3 5 end; (b) 
inclusion of one or more various open reading frames of E3. Five proteins which are 
encoded by the Ad-E3 region have been identified and characterized: (1) a 19-kDa 
glycoprotein (gpl9k) is one of the most abundant adenovirus early proteins, and is 
known to inhibit transport of the major histocompatibility complex class I molecules 
to the cell surface, thus impairing both peptide recognition and clearance of Ad- 
infected cells by cytotoxic T lymphocytes (CTLs); (2) E3 14.7k protein and the E3 
10.4k/14.5k complex of proteins inhibit the cytotoxic and inflammatory responses 
mediated by tumor necrosis factor (TNF); (3) E3 10.4k/14.5k protein complex down 
regulates the epidermal growth factor receptor, which may inhibit inflammation and 
activate quiescent infected cells for efficient virus replication; (4) E3 1 1.6k protein 
(adenoviral death protein, ADP) from adenovirus 2 and 5 appears to promote cell 
death and release of virus from infected cells. The functions of three E3 -encoded 
proteins ~ 3.6k, 6.7k and 12.5k - are unknown. A ninth protein having a molecular 
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weight of 7.5 kDa has been postulated to exist, but has not been detected in cells 
infected with wild-type adenovirus. Wold et al. (1995) Curr. Topics Microbiol 
Immunol 199:237-274. The E3 region is schematically depicted in FIG. 6. These 
intact, portions, or variants of E3 may be readily constructed using standard 
knowledge and techniques in the art. Preferably, an intact E3 region is used. 

In the adenovirus vectors of the present invention, E3 may or may not be 
under transcriptional control of native adenoviral transcriptional control element(s). 
The E3 promoter is located within the coding sequence for virion protein VIII, an 
essential protein which is highly conserved among adenovirus serotypes. In some 
embodiments, E3 is under transcriptional control of a heterologous TRE, including, 
but not limited to, a target cell-specific TRE. Accordingly, in one embodiment, the 
invention provides an adenoviral vector, preferably replication competent, that 
comprises E3 region (or a portion of E3) under transcriptional control of a target 
cell-specific TRE. In other embodiments, the E3 region is under transcriptional 
control of a native adenoviral TRE, and the vector further comprises an adenoviral 
gene essential for replication under transcriptional control of a target cell-specific 
TRE. In other embodiments, the E3 region is under transcriptional control of a target 
cell-specific TRE, and the vector further comprises an adenoviral gene essential for 
replication under transcriptional control of a target cell-specific TRE. 

Transgenes under transcriptional control of a target cell-specific TRE 

Various other replication-competent adenovirus vectors can be made 
according to the present invention in which, in addition to having a single or multiple 
adenovirus gene(s) under control of a target cell-specific TRE, a transgene(s) is/are 
also under control of a target cell-specific TRE and optionally under translational 
control of an IRES. Transgenes include, but are not limited to, therapeutic 
transgenes and reporter genes. Transgenes can be inserted into the adenoviral vector 
to produce, for example, certain chemotherapeutic agents, chemoprotectants, 
chemosensitizers, radioprotectants and radiosensitizers. Examples of such genes 
include, for example, genes encoding, p53, Adenovirus El A, HSV-TK, Cytosine 
deaminase (CD A), Cytochrome p450, TAXOL™ or others. 
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Reporter genes 

For example, a target cell-specific TRE can be introduced into an adenovirus 
vector immediately upstream of and operably linked to an early gene such as El A or 
E1B, and this construct may further comprise a second co-transcribed gene under 
translational control of an IRES. The second gene may be a reporter gene. The 
reporter gene can encode a reporter protein, including, but not limited to, 
chloramphenicol acetyl transferase (CAT), P-galactosidase (encoded by the lacZ 
gene), luciferase, alkaline phosphatase, a green fluorescent protein, and horse radish 
peroxidase. For detection of a putative cancer cell(s) in a biological sample, the 
biological sample may be treated with modified adenoviruses in which a reporter 
gene (e.g., luciferase) is under control of a target cell-specific TRE. The target cell- 
specific TRE will be transcriptionally active in cells that allow the target cell-specific 
TRE to function, and luciferase will be produced. This production will allow 
detection of target cells, including cancer cells in, for example, a human host or a 
biological sample. Alternatively, an adenovirus can be constructed in which a gene 
encoding a product conditionally required for survival (e.g., an antibiotic resistance 
marker) is under transcriptional control of a target cell-specific TRE. When this 
adenovirus is introduced into a biological sample, the target cells will become 
antibiotic resistant. An antibiotic can then be introduced into the medium to kill the 
non-cancerous cells. 

Therapeutic transgenes 

Transgenes also include genes which may confer a therapeutic effect, such as 
enhancing cytotoxicity so as to eliminate unwanted target cells. In this way, various 
genetic capabilities may be introduced into target cells, particularly cancer cells. For 
example, in certain instances, it may be desirable to enhance the degree and/or rate 
of cytotoxic activity, due to, for example, the relatively refractory nature or particular 
aggressiveness of the cancerous target cell. This could be accomplished by coupling 
the target cell-specific cytotoxic activity with cell-specific expression of, for 
example, HSV-tk and/or cytosine deaminase (cd), which renders cells capable of 
metabolizing 5-fluorocytosine (5-FC) to the chemotherapeutic agent 5-fluorouracil 
(5-FU). Using these types of transgenes may also confer a bystander effect. 
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Other desirable transgenes that may be introduced via an adenovirus vector(s) 
include genes encoding cytotoxic proteins, such as the A chains of diphtheria toxin, 
ricin or abrin (Palmiter et al. (1987) Cell 50: 435; Maxwell et al. (1987) Mol Cell 
Biol 7: 1576; Behringer et al. (1988) Genes Dev. 2: 453; Messing et al. (1992) 
5 Neuron 8: 507; Piatak et al. (1988) Biol Chem. 263: 4937; Lamb et al (1985) Eur. 

J. Biochem. 148: 265; Frankel et al. (1989) Mol Cell Biol 9: 415), genes encoding a 
factor capable of initiating apoptosis, sequences encoding antisense transcripts or 
ribozymes, which among other capabilities may be directed to mRNAs encoding 
proteins essential for proliferation, such as structural proteins, or transcription 
10 factors; viral or other pathogenic proteins, where the pathogen proliferates 

intracellularly; genes that encode an engineered cytoplasmic variant of a nuclease 
(e.g. RNase A) or protease (e.g. awsin, papain, proteinase K, carboxypeptidase, etc.), 
or encode the Fas gene, and the like. Other genes of interest include cytokines, 
iff antigens, transmembrane proteins, and the like, such as IL-1, -2, -6, -12, GM-CSF, 

jft G-CSF, M-CSF, IFN-a, -p, -x, TNF-a, -p, TGF-a, -p, NGF, and the like. The 

4= positive effector genes could be used in an earlier phase, followed by cytotoxic 

0! activity due to replication. 

p Preparation of the adenovirus vectors 

fib The adenovirus vectors of this invention can be prepared using recombinant 

\Z techniques that are standard in the art. Generally, a target cell-specific TRE is 

Lk inserted 5' to the adenoviral gene of interest, preferably an adenoviral replication 

gene, more preferably one or more early replication genes (although late gene(s) can 
be used). A target cell-specific TRE can be prepared using oligonucleotide synthesis 
25 (if the sequence is known) or recombinant methods (such as PCR and/or restriction 

enzymes). Convenient restriction sites, either in the natural adeno-DNA sequence or 
introduced by methods such as PCR or site-directed mutagenesis, provide an 
insertion site for a target cell-specific TRE. Accordingly, convenient restriction sites 
for annealing (i.e., inserting) a target cell-specific TRE can be engineered onto the 5' 
30 and 3 ' ends of a UP-TRE using standard recombinant methods, such as PCR. 

Polynucleotides used for making adenoviral vectors of this invention may be 
obtained using standard methods in the art, such as chemical synthesis, recombinant 
methods and/or obtained from biological sources. 
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Adenoviral vectors containing all replication-essential elements, with the 
desired elements (e.g., El A) under control of a target cell-specific TRE, are 
conveniently prepared by homologous recombination or in vitro ligation of two 
plasmids, one providing the left-hand portion of adenovirus and the other plasmid 
providing the right-hand region, one or more of which contains at least one 
adenovirus gene under control of a target cell- specific TRE. If homologous 
recombination is used, the two plasmids should share at least about 500 bp of 
sequence overlap. Each plasmid, as desired, may be independently manipulated, 
followed by cotransfection in a competent host, providing complementing genes as 
appropriate, or the appropriate transcription factors for initiation of transcription 
from a target cell-specific TRE for propagation of the adenovirus. Plasmids are 
generally introduced into a suitable host cell such as 293 cells using appropriate 
means of transduction, such as cationic liposomes. Alternatively, in vitro ligation of 
the right and left-hand portions of the adenovirus genome can also be used to 
construct recombinant adenovirus derivative containing all the replication-essential 
portions of adenovirus genome. Berkner et al. (1 983) Nucleic Acid Research 1 1 : 
6003-6020; Bridge et al. (1989) J. Virol. 63: 631-638. 

For convenience, plasmids are available that provide the necessary portions 
of adenovirus. Plasmid pXC.l (McKinnon (1982) Gene 19:33-42) contains the wild- 
type left-hand end of Ad5. pBHGlO (Bett et al. (1994); Microbix Biosystems Inc., 
Toronto) provides the right-hand end of Ad5, with a deletion in E3. The deletion in 
E3 provides room in the virus to insert a 3 kb target cell-specific TRE without 
deleting the endogenous enhancer/promoter. The gene for E3 is located on the 
opposite strand from E4 (r-strand). pBHGl 1 provides an even larger E3 deletion (an 
additional 0.3 kb is deleted). Bett et al. (1994). Alternatively, the use of pBHGE3 
(Microbix Biosystems, Inc.) provides the right hand end of Ad5, with a full-length of 
E3. 

For manipulation of the early genes, the transcription start site of Ad5 El A is 
at 498 and the ATG start site of the El A coding segment is at 560 in the virus 
genome. This region can be used for insertion of a target cell-specific TRE. A 
restriction site may be introduced by employing polymerase chain reaction (PCR), 
where the primer that is employed may be limited to the Ad5 genome, or may 
involve a portion of the plasmid carrying the Ad5 genomic DNA. For example, 
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where pBR322 is used, the primers may use the EcoRI site in the pBR322 backbone 
and the Xbal site at nt 1339 of Ad5. By carrying out the PCR in two steps, where 
overlapping primers at the center of the region introduce a nucleotide sequence 
change resulting in a unique restriction site, one can provide for insertion of target 
cell-specific TRE at that site. 

A similar strategy may also be used for insertion of a target cell-specific TRE 
element to regulate E1B. The E1B promoter of Ad5 consists of a single high-affinity 
recognition site for Spl and a TATA box. This region extends from Ad5 nt 1636 to 
1701. By insertion of a target cell-specific TRE in this region, one can provide for 
cell-specific transcription of the E1B gene. By employing the left-hand region 
modified with the cell-specific response element regulating El A, as the template for 
introducing a target cell-specific TRE to regulate E1B, the resulting adenovirus 
vector will be dependent upon the cell-specific transcription factors for expression of 
both El A and E1B. In some embodiments, part or all of the 19-kDa region of E1B is 
deleted. 

Similarly, a target cell-specific TRE can be inserted upstream of the E2 gene 
to make its expression cell-specific. The E2 early promoter, mapping in Ad5 from 
27050-27150, consists of a major and a minor transcription initiation site, the latter 
accounting for about 5% of the E2 transcripts, two non-canonical TATA boxes, two 
E2F transcription factor binding sites and an ATF transcription factor binding site 
(for a detailed review of the E2 promoter architecture see Swaminathan et al., Curr. 
Topics in Micro, and Immunol (1995) 199(part 3):177-194. 

The E2 late promoter overlaps with the coding sequences of a gene encoded 
by the counterstrand and is therefore not amenable for genetic manipulation. 
However, the E2 early promoter overlaps only for a few base pairs with sequences 
coding for a 33 kD protein on the counterstrand. Notably, the Spel restriction site 
(Ad5 position 27082) is part of the stop codon for the above mentioned 33 kD 
protein and conveniently separates the major E2 early transcription initiation site and 
TATA-binding protein site from the upstream transcription factor binding sites E2F 
and ATF. Therefore, insertion of a target cell-specific TRE having Spel ends into 
the Spel site in the 1 -strand would disrupt the endogenous E2 early promoter of Ad5 
and should allow target cell-restricted expression of E2 transcripts. 
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For E4, one must use the right hand portion of the adenovirus genome. The 
E4 transcription start site is predominantly at about nt 35605, the TATA box at about 
nt 35631 and the first AUG/CUG of ORF I is at about nt 35532. Virtanen et al. 
(1 984) 1 Virol 51 : 822-831. Using any of the above strategies for the other genes, a 
UP-TRE may be introduced upstream from the transcription start site. For the 
construction of full-length adenovirus with a target cell-specific TRE inserted in the 
E4 region, the co-transfection and homologous recombination are performed in 
W162 cells (Weinberg et al. (1983) Proc. Natl Acad. Set 80:5383-5386) which 
provide E4 proteins in trans to complement defects in synthesis of these proteins. 

Adenoviral constructs containing an E3 region can be generated wherein 
homologous recombination between an E3 -containing adenoviral plasmid, for 
example, BHGE3 (Microbix Biosystems Inc., Toronto) and a non-E3 -containing 
adenoviral plasmid, is carried out. 

Alternatively, an adenoviral vector comprising an E3 region can be 
introduced into cells, for example 293 cells, along with an adenoviral construct or an 
adenoviral plasmid construct, where they can undergo homologous recombination to 
yield adenovirus containing an E3 region. In this case, the E3 -containing adenoviral 
vector and the adenoviral construct or plasmid construct contain complementary 
regions of adenovirus, for example, one contains the left-hand and the other contains 
the right-hand region, with sufficient sequence overlap as to allow homologous 
recombination. 

Alternatively, an E3 -containing adenoviral vector of the invention can be 
constructed using other conventional methods including standard recombinant 
methods (e.g., using restriction nucleases and/or PCR), chemical synthesis, or a 
combination of any of these. Further, deletions of portions of the E3 region can be 
created using standard techniques of molecular biology. 

Insertion of an IRES into a vector is accomplished by methods and 
techniques that are known in the art and described herein supra, including but not 
limited to, restriction enzyme digestion, ligation, and PCR. A DNA copy of an IRES 
can be obtained by chemical synthesis, or by making a cDNA copy of, for example, 
a picornavirus IRES. See, for example, Duke et al. (1995) J. Vvirol 66(3):1602-9) 
for a description of the EMCV IRES and Huez et al. (1998), Mol Cell Biol 
18(1 1):6178-90) for a description of the VEGF IRES. The internal translation 

101 



initiation sequence is inserted into a vector genome at a site such that it lies upstream 
of a 5' -distal coding region in a multicistronic mRNA. For example, in a preferred 
embodiment of an adenovirus vector in which production of a bicistronic El A-E1B 
mRNA is under the control of a target cell-specific TRE, the E1B promoter is deleted 
or inactivated, and an IRES sequence is placed between El A and E1B. In other 
embodiments, part or all of the 19-kDa region of E1B is deleted. IRES sequences of 
cardio viruses and certain aphthoviruses contain an AUG codon at the 3' end of the 
IRES that serves as both a ribosome entry site and as a translation initiation site. 
Accordingly, this type of IRES is introduced into a vector so as to replace the 
translation initiation codon of the protein whose translation it regulates. However, in 
an IRES of the entero/rhinovirus class, the AUG at the 3' end of the IRES is used for 
ribosome entry only, and translation is initiated at the next downstream AUG codon. 
Accordingly, if an entero/rhinovirus IRES is used in a vector for translational 
regulation of a downstream coding region, the AUG (or other translation initiation 
codon) of the downstream gene is retained in the vector construct. 

Methods of packaging polynucleotides into adenovirus particles are known in 
the art and are also described in co-owned PCT PCT/US98/04080. 

The following examples are offered by way of illustration and should not be 
considered as limiting the scope of the invention. The specific examples exemplify 
the adenovirus 5 serotype, however, persons skilled in the art will realize these 
techniques may be applied to other adenoviral serotypes. 

EXAMPLES 

Table 4 summarizes descriptions of the various replication-competent target- 
cell specific adenoviral constructs used in these studies, and described previously 
herein. Preparation of these adenoviral vectors (including their components) employ 
standard techniques in the art. See also PCT/US99/03 117, PCT/US98/163 12, 
PCT/US98/04133, PCT/US98/04132, PCT/US 98/04084, PCT/US98/04080, 
PCT/US97/13888, PCT/US96/10838, PCT/US95/00845. In these publications, a CV 
designation is also denoted as CN. For example, CV706 is also denoted as CN706. 



102 



Table 4: Summary Description of Adenoviral Constructs 



Abenovira 
l Vector 


Target 
Cell Type 


El A IRE 


E1B TRE 


. B3 
+/- 


E1A 
Promoter 


E1B 
Promoter 


CV706 


Prostate 


PSE 


N/A 


- 


+ 


+ 


CV787 


Prostate 


PB 


PSE 


+ 


+ 


+ 


CV790 


Liver 


AFP 
(0.827kb) 


AFP 
(0.827kb) 


+ 


+ 




CV829 


Bladder 


hUPII 


mUPn 


+ 


- 


+ 


CV859 


Melanoma 


tyrosinase 


IRES 


+ 


- 


- 


CV873 


Colorectal 
Breast 


CEA 


IRES 


+ 


- 


- 


CV874 


Bladder 


mUPII(2kb) 


IRES 


+ 






CV875 


Bladder 


hUPII(lkb) 


IRES 


+ 


- 


- 


CV876 


Bladder 


hUPII(2kb) 


IRES 


+ 






CV877 


Bladder 


mUPH(lkb) 


hUPII(lkb) 


+ 






CV890 


Liver 


AFP 


IRES 


+ 






CV884 


Bladder 


hUPII 
(1.8kb) 


IRES 


+ 







For all constructs the El A enhancer is present. 



C PSA, prostate specific enhancer/promoter; PB, rat probasin promoter; AFP, 

m a-fetoprotein promoter; mUPII, mouse uroplakin II promoter; hUPII, human 

"t5 uroplakin II promoter; tyrosinase, melanocyte specific TRE; IRES, internal ribosome 

y entry site. 

Example 1; Treatment of in vitro Tumor Cells with Combined Prostate Cell 
P Specific Adenoviral Vector CV787 and Chemotherapy and In vivo 

hi assessment. 

WO 

O In vitro assessment. 

CV787 is a prostate-specific, replication competent adenovirus vector that 
preferentially replicates in prostate cancer cells. In this vector, El A is under 
transcriptional control of a 452bp PB TRE, and E1B is under transcriptional control 

15 of 1.6kb PSA-TRE. CV787 alone can, in a single intratumoral dose (1x10 s particles 

per mm 3 of tumor) or a single intravenous dose (lxlO 11 particles per animal) 
eliminate established tumors within 6 weeks in nude mouse xenografts. The data 
below demonstrate that CV787-mediated, replication-dependent oncolytic 
cytotoxicity can be enhanced in conjunction with standard chemotherapeutic agents 

20 including paclitaxel (TAXOL™), doxorubicin, mitoxantrone and docetaxel 

(TAXOTERE™), while the specificity of CV787-based cytopathogenicity remains 
specific to prostate cancer cells. These data suggest that the combination of CV787 
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with chemotherapy is more effective than chemotherapy treatment alone or virus 
treatment alone. 

Cell lines and culture 

5 The human LNCaP (prostate carcinoma), HBL-100 (breast epithelia), and 

OVCAR-3 (ovarian carcinoma) were obtained from the American Type Culture 
Collection (Rockville, MD). The human embryonic kidney cell line, 293, which 
expresses the adenoviral EIA and EIB gene products serves as a production cell line, 
and was purchased from Microbix: Biosystem, Inc. (Toronto, Canada). Cells were 
10 maintained at 37 C with 5% C0 2 in RPMI 1640 (Life Technologies, Gaithersburg, 

MD) supplemented with 100 units/ml penicillin and 100 jug/ml of streptomycin (Life 
Technologies, Gaithersburg, MD). 

dl Chemotherapeutic agents and virus 

{|5 Paclitaxel (TAXOL™, Bristol-Myers Squibb, Princeton, NJ), docetaxel 

4* (TAXOTERE™, Rhone-Poulenc Rorer Pharmaceuticals, Inc., Collegeville, PA), and 

yi the chemotherapeutic agents listed in Table 5, were purchased from the Stanford 

^ University Hospital pharmacy (Palo Alto, CA). These agents were diluted with 

O medium without fetal bovine serum (FBS) just before use for in vitro studies and 

?I0 with 0.9% NaCl for in vivo studies. 

^ CV787 is a prostate-specific replication-competent adenovirus. Yu et al. 

H (1999) Cancer Res, 59:4200. Two prostate-specific transcription response elements 

(TRE), the rat probasin promoter and the human prostate-specific antigen (PSE) 
promoter/enhancer, were inserted upstream of the EIA and EIB encoding regions in 
25 the viral genome, respectively, using methods known in the art. The expression of 

the EIA gene and the EIB gene are then controlled by these TREs. 
Combination study of CV787 with paclitaxel (TAXOL™\ docetaxel 
(TAXOTERE™) or other chemotherapeutic agents in vitro 

In preliminary experiments, we examined the chemosensitivity to different 
30 agents, as well as the oncolytic effect of CV787 in the prostate carcinoma LNCaP 

cells. Cells were plated in 96-well plates at a density of 20,000 cells per well. 
Twenty- four hours later, the cells were infected with CV787 at various multiplicities 
of infection (MOI). Subsequently, medium (50 fil) containing 10% heat-inactivated 
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serum and various concentrations of chemotherapeutic agents were added to the 
appropriate wells. Cells were incubated at 37°C in 5% C0 2 for an additional two 
days. Cell viability was measured using the MTT assay. Mosmann et al., (1983). 
Briefly, 50 jtd of 1 mg/ml MTT vital dye (Sigma, St. Louis, MO) was added to each 
well and allowed to incubate for 3 h at 37°C and 5% C0 2 . Then, plates were drained 
to remove untransformed MTT and blot. 100 /d of isopropanol was added to each 
well, the plate was incubated for 15 minutes and vigorously shaken (Microshaker II, 
Dynatech) in order to ensure solubilization of the blue formazan. The optical density 
of each well was quantitated using an automatic plate reader (Molecular Devices, 
Sunnyvale, CA) with a 560 nm test wavelength and 690 nm reference wavelength. u 
Cell viability was defined as the ratio of the mean absorbance of 9 treatment wells 
minus the blank to the mean absorbance of 6 untreated matched controls minus the 
blank. Blank is defined as the mean absorbance of six wells containing medium 
alone. Each experiment was performed at least twice. 

Other chemotherapeutics were tested, using the protocols described above. 

Results of in vitro experiments 

To study potential synergy or enhancement in treatment when administering 
CV787 and chemotherapy in vitro, the effectiveness of the combined treatment at 
several concentrations of paclitaxel, ranging from 0-62.5 nM, or docetaxel, ranging 
from 125-250 nM, with CV787 at various MOIs, ranging from 0-10 MOI, was 
evaluated in the prostate carcinoma LNCaP cells. Cells were treated with CV787 
and paclitaxel or docetaxel and the cell viability was determined at various time 
points after treatment by an MTT assay, as shown in Figures 2-4. Figure 2 presents 
data for treatment with a combination of CV787 (MOI 0.01) and paclitaxel (6.25 
nM), showing the synergistic cytotoxicity of the combination treatment compared to 
virus alone or chemotherapy alone. An enhanced cytotoxicity was observed in the 
combination treatment between CV787 and paclitaxel. For example, CV787 at an 
MOI of 0.01 produced 85% cell survival 6 days after virus infection and paclitaxel at 
6.25 nM showed 100% survival in LNCaP. When CV787 and paclitaxel were 
combined at these concentrations, cell survival dropped to 18%, demonstrating a 
greater effect than just an additive effect. To determine whether the timing of 
administration for the testing articles affected the combined oncolytic effect, LNCaP 
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cells were treated with paclitaxel for 24 hours before or after infection with CV787. 
Results showed that there were no significant differences in oncolytic activity 
between cells treated with paclitaxel before or after infection with CV787. 

Cytotoxicity was also measured for the combination treatment of CV787 and 
5 docetaxel, Figs. 3 and 4, and synergistic effects were observed. LNCaP cells were 

infected with CV787 at an MOI of 0.01 after a 24 hour incubation with docetaxel at 
3.12 nM and cell viability was determined by MTT, as shown in Figure 3. The cell 
survival was 25% of the control at day 7 post treatment, whereas CV787 alone 
produced 95% cell survival and docetaxel alone showed 95% cell survival in prostate 

1 0 carcinoma LNCaP cells. No significant difference in the effectiveness of the 

combined therapy of docetaxel and CV787 infection was observed by varying the 
time of virus administration. As presented in Figure 3, LNCaP cells treated with 
docetaxel for 24 hours, then infected with CV787 produced similar cell viability to 

3J the treatment of which the LNCaP cells were infected with CV787 24 hours prior to 

ft 5 docetaxel Figure 4. 

=p The protocols described above were used to screen a number of different 

\n chemotherapeutic agents from various classes of chemotherapeutics. The results are 

s| presented in Figures 5-9 and are summarized in Table 5, below. The summarized 

O results are for experiments in which drug was added 24 hours before the introduction 

JgO of the virus, except in the case of doxorubicin, in which the virus was added 24 hours 

H prior to the administration of the drug. Figures 3-4 compare the order of 

E administration for a combination of docetaxel and CV787. CV787 was administered 

at MOI of either 0.1 or 0.01 as indicated in Figures 5-9. Chemotherapeutics were 

administered in the following amounts: paclitaxel (6.25 nM); docetaxel (3.12 nM); 
25 mitoxantrone (1 00 nM); etoposide (500 ng/ml); doxorubicin (50 ng/ml); cisplatin 

(8.25 \M); 5-fluorouracil (35 uM); estramustine (5mg/ml); gemcitabine (50 ng/ml); 

flutamide (15ng/ml); goserelin (50|ag/ug); leuprolide (5nM); and vinblastine 

(80mg/ml). 
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Table 5: Synergistic Effects of CV787/Chemotherapeutic Combinations 



■ ■■ . Virus 


Target/ 
Cell line 


CHEMOTHERAPEimC 
AGENT 


Class of agent 


Synergy 


CV787 


Prostate cancer/ 
LNCaP 


r T^l ' 1 

5-rluorouracii 
(5-FU) 


AntimetaDoiites ^acting as 
pseudosubstrate for essential 
enzymatic reactions) 


I Co 


CV787 


Prostate cancer/ 
LNCaP 


Cisplatm 


Alkylating agent (r lantmum- 
containing agents - Causing single- 
ano QOUDie-strana orcdK hi uin/\^ 


Vac 

i cs 


CV787 


Prostate cancer/ 
LNCaP 


Doxorubicin 


Antibiotics (anticycline; 
interrupting DNA replication and 
trans crip xion, causing sirdiiu uicats.) 


Yes 


CV787 


Prostate cancer/ 
LNCaP 


Estramustine 


Alkylating agent 


Yes 


CV787 


LNCaP 


Etoposide 


Plant alkaloid (inhibiting the 
assemDiy oi microruouies anu 
disrupting mitosis 


Yes 


CV787 


Prostate cancer/ 
LNCaP 


Mitoxantrone 


AntiDioucs ^anucycnncj 


I Co 


CV787 


Prostate cancer/ 
LNCaP 


1 AXUlliKJb 

(docetaxel) 


.riant aiKaioius 


1 Co 


CV787 


Prostate cancer/ 
LNCaP 


i AXOL 
(paclitaxel) 


riant aiicaioias 


X Co 


CV787 


Prostate cancer/ 
LNCaP 


Gemcitabine 


Antimetabolite 


iNO 


CV787 


Prostate cancer/ 
LNCaP 


Flutamide 


Anti-androgen 


INO 


LV /o/ 


rrosiaie Cancer/ 
LNCaP 


7DT A DFX™ 
(goserelin) 


Hormonal analog 


No 


CV787 


Prostate cancer/ 
LNCaP 


LUPRON™ 
(leuprolide) 


Testosterone analog 


No 


CV787 


Prostate cancer/ 
LNCaP 


Vinblastine 


Plant alkaloids 


No 



The following experiments were designed to test the specificity and viability 
of the replication-competent target cell-specific adenoviral vectors described herein 
in the presence of antineoplastic (chemotherapeutic) agents. 



Virus yield 

Virus yield was determined to characterize the specificity of combination 
treatment of CV787 and paclitaxel or docetaxel. 5 x 10 5 293, LNCaP, HBL-100 and 
OVCAR-3 cells were plated in duplicate into six-well plates. Twenty-four hours 
later, medium was aspirated and replaced with 1 .0 ml of serum-free RPMI 1640 
containing CV787 at a MOI of 1 PFU (plaque-forming unit) per cell. After a 4 hour 
incubation at 37°C with 5% C0 2 , cells were washed twice with pre-warmed 
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phosphate buffered saline (PBS), and 2 ml of complete RPMI 1640 containing the 
indicated chemotherapeutic agents were added into each well in concentrations and 
amounts as indicated below. After an additional 72 hours, the cells were scraped 
into the culture medium, and the cells were lysed by three freeze-thaw cycles. The 
supernatant of each duplicate point was tested for virus production by triplicate 
plaque assay for 12 days under semisolid agarose on 293 cells. Yu et al. Cancer 
Research (1999) 59:1698. 

Paclitaxel does not inhibit CV787 replication 

Paclitaxel (TAXOL™) and docetaxel (TAXOTERE™) are antineoplastic 
agents belonging to the taxoid family. They are novel antimicrotubule agents that 
promote the assembly of microtubules from tubulin dimers and stabilize 
microtubules by preventing depolymerization. This stability results in the inhibition 
of the normal dynamic reorganization of the microtubule network that is essential for 
vital interphase and mitotic cellular functions. In addition, they induce abnormal 
arrays or "bundles" of microtubules throughout the cell cycle and multiple asters of 
microtubules during mitosis. 

To examine the effect of paclitaxel on the virus replication, we ran a virus 
yield assay. LNCaP cells were infected with CV787 at a MOI of 0.1 for 4 hours, 
followed by incubation in RPMI 1640 containing paclitaxel at a final concentration 
of 6.25 nM. Cells were harvested 6 days post-infection and the number of infectious 
virus particles were determined on 293 cells by a standard plaque assay. As shown 
in the Figures, cells treated with CV787 and paclitaxel produced 7,000 pfo per cell, 
while the cells infected with CV787 alone generated about 4,600 pfu per cell, 
suggesting that paclitaxel does not inhibit CV787 replication. 

In addition, the chemotherapeutics mitoxantrone, doxorubicin and etoposide 
were also tested with CV787 according to the above protocol. None of these 
chemotherapeutics, from different classes of agents, showed a reduction in viral yield 
compared to CV787 without chemotherapeutic agent. 

Paclitaxel does not alter CV787's specificity 

In order to evaluate whether addition of paclitaxel could change the 
specificity of CV787's oncolytic activity, we tested viral replication efficiency in 
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four cell lines including a permissive cell line LNCaP, and two non-permissive cell 
lines, HBL-100 (breast epithelia) and OVCAR-3 (ovarian carcinoma). These three 
cell lines were infected with either CV787 at an MOI of 0.1 or CV787 and paclitaxel, 
with a final paclitaxel concentration of 6.25 nM in the medium. Progeny virus yield 
was determined 48 hours after infection by plaque assay on 293 cells. Results 
presented in Figure 12 show that prostate cancer (LNCaP) treated with CV787 and 
paclitaxel produced a similar burst size to the cells infected with CV787 alone, 
which produced about 800 pfu per cell. CV787 replicated poorly in the non-prostate 
cancer cells tested (HBL-100 and OVCAR-3), producing 1000 to 10,000-fold lower 
virus yield compared to the burst size in LNCaP cells. Interestingly, the burst size in 
the LNCaP cells treated with CV787 and paclitaxel is similar to that in the cells 
infected by CV787 alone. These data indicate that CV787 in the presence of 
paclitaxel replicates efficiently in prostate cancer cells, but is still attenuated in non- 
prostate cancer cells. Combination treatment does not change CV787 replication 
efficiency in the non-prostate cells and retains a high selectivity. Similar results 
were obtained for combinations of CV787 and mitoxantrone (MXT) and doxorubicin 
(DOXO). 

To further assess the specificity of the combination treatment of CV787 and 
paclitaxel, the viability of various infected cells was estimated using the MTT assay 
to measure mitochondrial activity. HEK-293, LNCaP, HBL-100 and OVCAR-3 
cells were infected with CV787 at an MOI of 0.1 in the presence or absence of 
paclitaxel. The percentage of cell viability in the combination treatment group 
versus paclitaxel treatment group was plotted in Figure 13. Combination of CV787 
and paclitaxel was toxic to 293, a permissive production cell line, and LNCaP cells, 
prostate cancer cells, but not to HBL-100, normal breast epithelial cells, and 
OVCAR-3 cells, ovarian cancer cells. There were no surviving LNCaP cells 9 days 
after infection. In contrast, the viability of HBL-100 and OVCAR-3 cells treated 
with CV787 and paclitaxel was similar to that of cells treated with paclitaxel (ratio of 
cell survival between combination group and paclitaxel group was approximately 1). 
The results suggest that the presence of paclitaxel does not alter the cytotoxic effect 
ofCV787. 

Similar results were observed using the above protocols and a combination of 
CV787 and mitoxantrone Figure 14. 
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In vivo assesment 

Using the PSA+ LNCaP xenograft model of prostate cancer, a single i.v. 
dose of lxl 0 8 particles CV787 and docetaxel in combination eliminates large pre- 
existent distant tumors. Toxicity studies do not show a synergistic increase of 
toxicity of CV787 and taxane. These experiments demonstrate a synergistic 
antitumor efficacy for CV787 when combined with taxane, and demonstrate an in 
vivo single-does curative therapeutic index for CV787 of over 1000:1. 
Cell viability 

MTT assays were performed by seeding LNCaP, HBL-100, OVCAR-3, 
HepG2, and 293 cells at 5000 cells per well in a 96 well plate (Falcon) 48 hr prior to 
infection as previously described (Denizot, 2000, J Immunol Methods 89:271-7.) 
with modifications. Cells were either infected with CV787 at an MOI of 2 PFU/cell 
or treated with the indicated chemotherapeutic agents (Paclitaxel at 6.25 nM and 
Docetaxel at 3. 12 nM). Cell viability was measured at the times indicated by 
removing the media and replacing it with 50 (ul of a 1 mg/ml solution of MTT (3- 
(4,5-Dimethylthiazol-2-yly 2,5-diphenyl~2#-tetrazolium bromide) (Sigma, St. 
Louis, MO) and incubating for 3hrs at 3hrs at 37°C. After removing the MTT 
solution, the crystals remaining in the wells were solubilized by the addition of 50 jil 
of isopropanol followed by vigorous shaking. The absorbency was determined using 
a microplate reader (Molecular Dynamics) at 560 nm (test wavelength) and 690 nm 
(reference wavelength). The percentage of surviving cells was estimated by dividing 
the OD550 - OD 650 of virus infected cells by the OD 550 - OD 650 of mock infected cells. 
12 replica samples were taken for each time point and each experiment was repeated 
at least three times. 
Statistical analysis 

The dose-response interactions between taxane and CV787 at the point of 
IC50 were evaluated by the isobologram method of Steel and Peckham (Steel, 1993, 
Int. J. Rad. One. Biol Phys. 5:85.) as modified by Aoe et al (Aoe, K. et al 1999, 
Anticancer Res, 19:291-299.) The IC50 was defined as the concentration of drug that 
produced 50% cell growth inhibition, i.e. 50% reduction in absorbance. Cells were 
exposed to drugs sequentially for 24 h and cell viability was determined by the MTT 
assay after 6 days. The dose-response curves were plotted with CurveExpert 
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(Version 1 .34) on a semilog scale as a percentage of the control, the absorbance of 
which was obtained from the samples not exposed to the drugs. IC50 value of CV787 
and taxane in LNCaP was then determined. Based upon the dose-response curves of 
CV787 alone and taxane alone, isobolograms (three isoeffect curves, model 1 and 
model 2 lines) were computed. The envelope of additivity, surrounded by model 1 
and model 2 isobologram lines, was constructed from the dose response curves of 
CV787 alone and taxane alone. The observed data were compared with the 
predicted maximum and minimum data for presence of synergism, additivity, or 
antagonism by a statistical analysis using the Stat View 4.01 software program 
(Abacus Concepts, Berkeley, California). When the data points of the drug 
combination fall within the area surrounded by model 1 and/or model 2 lines (i.e. 
within the envelope of additivity), the combination is described as additive. A 
combination that gives data points to the left of the envelope of additivity can be 
described as supraadditive (synergism) and a combination that gives data points to 
the right of the envelope of additivity, can be described as subadditive (antagonistic) 
(Kano, Y. et al. 1998, Cancer Chemo. Pharm. 42:91-98.) Fractional tumor volume 
(FTV) relative to untreated controls was determined as described previously 
(Yokoyama, Y. et al, 2000, Cancer Res. 60:2190-2196.). 
One-step growth curve and Virus yield 

One-step growth curves of CV787 in the presence or absence of docetaxel 
were performed in LNCaP cells to determine burst size. Monalayers of LNCaP cells 
were infected at a multiplicity of 2 PFU/cell with CV787. After a 4 hour incubation 
at 37°C with 5% C02, cells were washed twice with pre-warmed PBS, and 2 ml of 
complete RPMI 1640 containing docetaxel at a concentration of either 0 nM or 3.12 
nM was added into each well. At the indicated times thereafter, duplicate cell 
samples were harvested and lysed by three cycles of freeze-thawing. Virus was 
titered in triplicate (Yu, D.-C. et al., 1999, Cancer Res. 59:1498-1504.). 

Virus yield was used to determine if CV787 retained specificity in the 
combination treatment of CV787 and taxane. 5 x 10 5 cells of 293, LNCaP, HBL- 
100, HepG2 and OVCAR-3 were plated in duplicate into six-well plates. Twenty- 
four hours later, medium was aspirated and replaced with 1.0 mi of serum-free RPMI 
1640 containing CV787 at an MOI of 1 PFU (plaque-forming unit) per cell. After a 
4 hour incubation at 37°C with 5% C02, cells were washed twice with pre-warmed 
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PBS, and 2 ml of complete RPMI 1640 containing the indicated taxane was added to 
each well. After an additional 72 hours, cells were scraped into the culture medium, 
and lysed by three freeze-thaw cycles. Virus production was monitored by triplicate 
plaque assay (Yu, D.-C, et al., 1999, Cancer Res. 59:1498-1504.). 
5 Immunoblots 

LNCaP cells treated with CV787, taxane, or both CV787 and taxane, were 
incubated for the indicated times. Cells were washed with cold PBS, and lysed for 
30 min on ice in 50mM Tris, pH8.0, 150mM NaCl, 1% IGEPAL CA360 (NP40 
equivalent from Sigma), 0.5% sodium deoxycholate, and protease inhibitor cocktail 
10 (Roche, Palo Alto, California). After 30 min centrifugation at 4°C, the supernatant 

was removed and protein concentration was determined by the ESL protein assay kit 
(Roche). Fifty micrograms of protein/lane were separated on 8-16% SDS-PAGE and 
electroblotted onto Hybond ECL membranes (Amersham Pharmacia, 
2 Buckinghamshire, England). The membrane were blocked overnight in PBST (PBS 

ll5 with 0. 1 % Tween-20) supplemented with 5% nonfat dry milk. Primary antibody 

± incubation was done at room temperature for 2-3 hrs with PBST/1% nonfat dry milk 

If! diluted antibody, followed by wash and lhr incubation with diluted horseradish 

" peroxidase-conjugated secondary antibody. Enhanced chemiluminescence (ECL; 

Q Amersham Pharmacia) was used for detection. Antibodies for p53 and poly-ADP- 

f||0 ribose-polymerase were from Roche. Antibodies against Fas/Fas-L, caspase 7, Bel- 

li 2, Bcl-XL, Bax and secondary antibodies were purchased from Santa Cruz 

C Biotechnology Inc. (Santa Cruz, California). All antibodies were used according 

manufacturer's instruction. For quantifying the bands, the gels were scanned and 
bands were analyzed by Multi-Analyst software (Blo-Rad). 
25 In vivo antitumor efficacy 

Six to eight week old athymic Balb/c nu/nu mice were obtained from 
Simonson Laboratories (Gilroy, CA) and acclimatized to laboratory conditions one 
week prior to tumor implantation. Xenografts were established by injecting 1 x 10 6 
LNCaP cells, suspended in 100 ud of RPMI 1640 and 100 ud of matrigel, 
30 subcutaneously near the small of the back. When tumors reached between 400 mm 3 

and 600 mm 3 , mice were randomized into groups of four. The first group received 1 
x 10 10 particles of CV787 at day 1 via the tail vein intravenously (i.v.). CV787 was 
diluted in 0.1 ml lyophilized buffer (5% sucrose, 1% glycine, 1 mM MgCl 2 , 0.05% 
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Tween-80 in 10 mM Tris buffer) and injected into the tail vein using a 28-gauge 

needle. The second group was given taxane only. Paclitaxel was intraperitoneally 

administered at a dose of 20 mg/kg, daily for 4 days starting at day 2. Docetaxel was 

intravenously administered at a dose of 5 or 12.5 mg/kg at day 2, 5 and 8. The third 

group was given CV787 (i.v.) at day 1 and taxane at the same doses and schedule as 

the second group. As a control, a fourth group was treated with 0.1 ml of normal 

saline (i.e. control) i.v. at day 1 and then i.p. or i.v. for 4 days. The dose and route 

of administration of paclitaxel were selected according to studies in nude mice 

(Riondel, J. etal., 1986, Cancer Chemother Pharmacol. 17:137-42.) (Chahinian, 

A.P. et al.,1998, J. Surg. One. 67:104- 111.). For docetaxel, the dose was selected 

based on the human clinical dose.(RPR Pharm. Inc., Collegeville, PA) and 

determined by a dose-range finding study in nude mice. Tumors were measured 

weekly in two dimensions by external caliper and volume was estimated by the 

2] 

formula [length (mm) x width (mm) 72 (7). Animals were humanely killed when 
their tumor burden became excessive. Serum was harvested weekly by retro-orbital 
bleed. The difference in mean tumor volume between treatment groups was 
compared for statistical significance using the unpaired, two-tailed, Mest. Blood 
samples were collected at various time points for determining prostate-specific 
antigen. Federal and institutional guidelines for animal care were followed. 
Immunohistochemistry 

Four groups of mice (n=6) were treated with vehicle, CV787 (1 xlO 10 
particles per animal), paclitaxel (15 mg/kg) or a combination of CV787 and 
paclitaxel at these identical doses. Half the animals were sacrificed on day 9 and the 
other half on day 16. Tumors were fixed in 10% neutral buffered formalin, 
embedded in paraffin and sectioned using standard procedures. For detecting 
adenovirus, tissue sections were blocked with ready-to-use normal rabbit serum 
(Biogenex, San Carlos, CA) for 20 min and incubated with goat anti-Ad antibody 
(Biodesign International, Kennebunkport, ME) diluted 1 :200 in PBS for 30 min. 
Alkaline phosphatase staining was performed using Super Sensitive™ streptaviden- 
blotin alkaline phosphatase reagents and Fast Red™ chromogen (Biogenex) as 
suggested by the manufacturer. Sections were counterstained with Gill's 
hematoxylin and mounted with Gel Mount™ (Biomedia, Foster City, CA). 
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Apoptotic cells were detected using M3 0 monoclonal antibody with reagents 
from the M30 CytoDEATH™ kit (Roche Molecular Biochemicals, Indianapolis, IN) 
as suggested by the manufacturer. Paraffin-embedded tumor sections were heated in 
citric acid buffer for 15 min to retrieve antigen, hybridized with M30 antibody, then 
5 counterstained with Harries hematoxilin (Roche Molecular Biochemicals). The 

stained sections were analyzed under a light microscope and pictures of 
representative sections taken. 

Isobolograms were also generated to show the synergy between CV787 and 
docetaxel. Dose-response curve analysis indicated that the IC50 at day 5 in LNCaP 
1 0 cells for CV787 and docetaxel was 0.368 MOI and 8. 14 nM, respectively. The 

combined data points fell to the left of the envelope of additivity, or restated the 
IC50 in LNCaP cells of CV787 in combination with docetaxel occurred at smaller 
doses than that predicted from the use of CV787 or docetaxel alone. Thus, 
5i sequential exposure to CV787 followed by docetaxel produced synergistic effects. 

Yl 5 To determine whether the timing of administration for the tested compounds 

4= affected the combined cytotoxic effect, LNCaP cells were treated with paclitaxel for 

f!i 24 hours before or after infection with CV787. There were no significant differences 

%i in cytotoxic activity between cells treated with paclitaxel before infection, after 

a infection, or simultaneously with CV787. Similar results were obtained for 

r=i0 docetaxel. 

jili Taxane Increases CV78 7 burst size in LNCaP calls 

il Paclitaxel and docetaxel are antineoplastic agents belonging to the taxane 

family. They are novel antimicrotubule agents that promote the assembly of 
microtubulas from tubulin dimers and stabilize microtubules by preventing 
25 depolymerization. This stability results in the inhibition of the normal dynamic 

reorganization of the microtubule network that is essential for vital interphase and 
mitotic cellular functions (Blagosklonny, M.V. et al., 2000, J. Urol. 163:1022-6.). In 
addition, the taxanes induce abnormal arrays or "bundles" of microtubules 
throughout the cell cycle and multiple asters of microtubules during mitosis. One 
30 possible explanation for the synergy seen with taxane and CV787 is that taxane may 

augment the ability of CV787 to replicate in LNCaP cells. 

To examine the effect of paclitaxel and docetaxel on virus replication, we 
performed the one-step growth curve. LNCaP cells were infected with CV787 at an 
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MOI of 1 for 4 hrs, followed by incubation in RPMI 1640 containing docetaxel at a 
final concentration of 3.12 nM. Cells were harvested at various times post-infection 
and the number of infectious virus particles was determined on 293 cells by standard 
plaque assay (Yu, D.-C. et al., 1999, Cancer Res. 59:4200-4203.)- Although the 
initial rate of increase of CV7137 in cells treated with CV787 and docetaxel was 
similar to that of cells treated with CV787 alone, a plateau was reached for CV787 at 
approximately 72 post-infection and at approximately 96 hours post-infection for 
CV787 and docetaxel. Cells treated with CV787 and docetaxel produced 30,000 
PFU per cell, while the cells infected with CV787 alone generated about 15,000 PFU 
per cell. Thus, docetaxel does not inhibit CV787 replication, but actually increases 
virus replication efficiency. A similar results was obtained in a parallel study with 
paclitaxel. 

Combination oftaxane and CV787 Increases thep53 expression 

To address the synergistic mechanism behind combination treatment, LNCaP 
cells were treated with various agents and the expression of apoptotic related protein 
markers were compared by Western blot. The treatments for LNCaP cells were 
grouped as (1) docetaxel alone at 6.0 nM, (2) CV787 alone at, MOI 0.5, and (3) 
CV787 (MOI=0.5) and docetaxel (6.0 nM) together. For each treatment group, cells 
were collected at different time points and subjected to various antibodies by 
Western blot. Under these experimental conditions, in the first 48 hours after 
treatment, the combination of CV787 and taxane increased p53 expression up to 2 to 
8-fold compared to virus alone or drug alone at 24 or 48 hours. 

In contrast, the apoptotic indicators caspase-7 and poly-ADP-ribose- 
polymerase did not show a significant change. In addition, the combination of 
CV787 and taxane did not change Fas/Fas-L or Bel -2, Bel -XL, and Bax expression 
compared to the single agent group. Previously, it was suggested that paclitaxel- 
induced apoptosis was not mediated by Be 1-2 family change. In the current study, 
we did not observe a significant change of BcI-2 expression in the cells treated with 
docetaxel alone, CV787 alone, or docetaxel and CV787. Liu and Stein has reported 
that paclitaxel treated LNCaP cells experienced alteration In bcl-X L and Bak 
expression. However, under our condition of low concentration of docetaxel, there 
was no dramatic change detected. From the increased p53 expression, 
p53-dependent apoptosis may play a major role in the synergy of CV787 
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and taxane. 



Synergistic efficacy of taxane with CV787 in vivo 

The in vivo antitumor efficacy of CV767 in combination with taxane was 
assessed in the LNCaP mouse xenograft model. We have shown previously that a 
single intravenous administration of CV787 at lxlO 11 particles per animal can 
eliminate subcutaneous xenograft tumors in 6 weeks (Yu, D.-C. et al (1999) supra. 
This data was extended using studies up through 10 weeks. Established human 
prostate tumors (LNCaP cells) were treated with either vehicle, CV787 (lxlO 10 
particles per animal), paclitaxel (20 mg/kg), or both CV787 and paclitaxeL For the 
combination treatment, animals were intravenously injected with either CV787 or 
vehicle, and twenty- four hours later, paclitaxel was administered intraperitoneally 
(i.p.) daily for four days. The tumor volume data shows that there was a significant 
decrease in tumor volume between control and all treatment groups. In this study, 
single doses of CV787 or 4 doses of paclitaxel over four days were effective in 
producing partial tumor regression 7 weeks or 2 weeks after treatment, whereas the 
combination produced a near complete regression within 2 weeks. Four weeks after 
treatment, relative tumor volume decreased to 3% of baseline (from 418 mm 3 to 14 
mm 3 ) for the combination treatment group and 31% of baseline for the paclitaxel 
group, but increased to 216% of baseline for the vehicle-treated group and 162% of 
baseline for the CV787 group. These changes were statistically significant by 
Students t-test (p<0.05) for the comparison of the combination treatment of CV787 
with paclitaxel to any of the vehicles, CV787 or paclitaxel, alone. Additionally, 
serum PSA levels in mice injected with vehicle increased, whereas the levels in mice 
injected with CV787 and paclitaxel decreased to -2% of their staffing values within 
4 weeks. 

Combination therapy showed more than additive effect (e.g. synergy) on 
tumor growth inhibition. On day 21 , there was 4.4-fold improvement in anti-tumor 
activity in the combination group when compared with the expected additive effect. 
At this time point, CV787 alone or paclitaxel alone inhibited tumor growth by 20% 
or 70%, respectively (fractional tumor volume, 0.815 mm 3 and 0,287 mm 3 
respectively) when compared with the control group. With time, there was a 
progressive improvement in anti-tumor activity. On day 42, CV787 and paclitaxel 
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combination group showed a 9.2-fold higher inhibition of tumor growth over 
additive effect (expected fractional tumor volume). These data demonstrated a 
synergistic efficacy between CV787 and paclitaxel in LNCaP xenografts. 

A synergistic effect was also observed in the combination treatment of 
xenograft tumors with CV787 and docetaxel. Results from LNCaP prostate tumor 
xenografts treated with CV787 and docetaxel, both administered intravenously: in 
the combination treatment group, animals were intravenously injected with docetaxel 
(5.0 mg/kg) on day 2, day 5 and day 8, following a single intravenous injection of 
CV787 (lxlO 10 particles per animal) on day 1. Both CV787 and docetaxel appear to 
be effective in producing stabilization of tumor growth in the LNCaP mouse model, 
whereas a combination of the two produce a complete regression within 5 weeks 
(Figure 613). Analysis on fractional tumor volume, indicated a synergistic effect 
between CV787 and docetaxel in LNCaP xenografts. For example, on day 42, 
CV787 and docetaxel combination group showed a 6.4-fold higher inhibition of 
tumor growth over an additive effect. 

To further investigate the dose range for CV787 treatment in combination 
with docetaxel, we fixed the dose of docetaxel at 12.5 mg/kg and varied the dose of 
CV787 from lxlO 8 , lxlO 9 , to lxlO 10 particles per animal. Treatment with CV787 
alone or docetaxel alone resulted in tumor growth inhibition. However, the 
combination of CV787 and docetaxel had the greatest effect of the treatments tested. 
Complete regression was achieved in the animals treated with docetaxel and CV787 
at a dose of either lxlO 10 , lxlO 9 , or lxlO 8 particles. Synergy of anti-tumor activity 
was also evident using lxl 0 7 particles per animal but complete regression was not 
observed. These changes were statistically significant by the Student's t-test for the 
comparison of combination treatment of CV787 and docetaxel to any of the vehicle, 
CV787 alone, or docetaxel alone treatments, with no statistical difference between 
the three combination treatment groups. Recall the complete response dose of 
CV787 alone is lxlO 11 particles per animal (Yu, D.-C. et al., 1999, Supra. Thus, the 
combination of CV787 and docetaxel produces a complete response with 1000-fold 
less virus, compared to the use of CV787 alone. 

Virus replication within LNCaP tumors was documented by 
immunohistochemical staining of tumor sections using polyclonal antibodies to 
Adenovirus type 5 (Chen, Y. et al., 2000, Hum. Gone Ther. 11:1153-1567.) No 
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evidence of virus replication was found in the tumors treated with either vehicle or 
paclitaxel, whereas evidence of necrosis and multifocal inflammation was observed 
in a small portion of tumors treated with paclitaxel. In the CV787-treated tumors, 
while positively stained cells were visible throughout the tumors, infected cells were 
predominantly located near the tumor vasculature. The most intriguing phenomena 
were in the samples treated with both the virus and paclitaxel. While few virus- 
infected cells were detected, most of the cells in the sections were empty and 
virtually devoid of cellular content. The remaining cells were much smaller and 
appeared to have undergone a morphological change. 

Tumor cells were also tested for apoptosis using the M30 CytoDEATH™ 
detection kit, which recognizes a specific caspase cleavage site within cytokeratin 18 
in early events of apoptosis. Three tumors from each group, CV787 alone, 
paclitaxel, or both CV787 and paclitaxel, were analyzed 9 days after the start of 
dosing. Few apoptotic cells were detected in the paclitaxel-treated tumor, while a 
significant amount of apoptotic cells along the blood vessel were present in the 
CV787-infected tumors. However, combination treatment produced more apoptotic 
cells than in the any of the other samples. In conclusion, the immunohistochemical 
analysis of CV787 treated tumors suggests that both virus replication-dependent 
cytolysis and apoptosis contribute to the antitumor effect of CV787 and taxane. 

Finally, and of clinical significance are two other results. First, healthier 
animals, characterized by body weight, were observed in the combination treatment 
group as compared to groups treated with either agent alone. Of particular interest is 
the transient weight loss using docetaxel alone, from which animals are protected 
from by the use of CV787 in combination with docetaxel. Indeed, animals treated 
with both CV787 and taxotere gain 24% more weight than untreated control animals 
(Table 2). Second, formal toxicology studies in Balb/C mice failed to show 
synergistic toxicity from the combined use of docetaxel and CV787 
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Example 2: In vitro Treatment of HepG2 and Hep3B Tumor Cells with 

Replication Competent Target Cell-Specific Adenoviral Vector 
CV790 and Chemotherapy 

Regimen for in vitro study of adenoviral vector and chemotherapeutic agent 

A preliminary experiment was performed to compare three different 
protocols: Adding virus first, drug first or virus and drug together (Figures 15-17). 
HepG2 and Hep3B cells were treated with 10 ng/ml doxorubicin and 0.01 MOI of 
CV790. Figure 15 shows a synergistic effect in the panel of virus infection first. 
Virus first indicates administration of the virus about 10-14 hrs before drug 
application. Drug first indicates administration of the chemotherapeutic agent 10-14 
hrs before virus infection Figure 16. The results of administration of adenovirus 
vector and drug together are shown in Figure 17. For the combination of CV790 and 
doxorubicin, virus first administration resulted in the greatest Jailing of liver cancer 
cells. This order of administration was not the most effective for CV787 combined 
with paclitaxel (TAXOL™) or docetaxel (TAXOTERE™). 

In order to study the killing effect of virus and drug on liver cancer cells, an 
in vitro cell viability study (MTT assay) was carried out using chemotherapeutic 
agents and the CV790 adenovirus on HepG2 and Hep3B hepatoma cells. Protocols 
for cell growth and MTT assay were as described as in Example 1 . CV790 was 
constructed according to methods known in the art with the El A and E1B genes 
under the control of the a-fetoprotein promoter (approximately 0.8 kb), with an 
intact E3 region. The structure of CV790 can be summarized as AFP/El A, 
AFP/E1B, E2, E3, E4. The hepatoma cells were grown in well plates, then treated 
with CV790 and various chemotherapeutic agents, as shown in Figures 15-22. After 
treatment, cells were incubated with MTT and cell viability at different time points 
from days 2-10 were compared. The MTT assay determines the number of 
cancerous cells still viable after treatment with the CV790/chemotherapy 
combination. Dead cells are equal to 1-the percentage of viable cells. 

The following is the list of chemotherapeutic agents (drugs) and the sources 
for the drugs used in this study. 

1 . 5-Fluorouracil, (Sigma, St. Louis, MO) catalog number F-6627 

2. Doxorubicin hydrochloride, (Sigma, St. Louis, MO) catalog number D-l 5 1 5 
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3. Cis-platinum (if)-diammine dichloride (cisplatin), (Sigma, St. Louis, MO) 
catalog number P-4394 

4. 5-azacytidine, (Sigma, St. Louis, MO) catalog number A-2385 

5. Mitomycin C, (Sigma, St. Louis, MO) catalog number M-0505 

6. TAXOL™, (Mead Johnson oncology products, New Jersey) catalog number C 
0015-3475-30 

7. Gemcitabine, (Lilly, Indiana) catalog number nC 0002-7501-01 

8. Etoposide, (Bristol Laboratories, New Jersey) catalog number nC 0015-3095-20 

9. Mitoxantrone, (Immunex Corp., Seattle, WA), catalog number NDC 58406-640- 
03 

Screening of chemotherapeutic agents for synergistic effects with CV790 

The cytotoxicity of different chemotherapeutic agents combined with CV790 
in Hep3B and HepG2 hepatoma cells were tested using the methodology described 
in Example 1 and above, with virus added before treatment with chemotherapeutic 
agent. The results are shown in Figures 18-22 and summarized in Table 6, below. 
These results correspond to the virus first regimen described above. Doxorubicin, 
mitomycin C, mitoxantrone, cisplatin, gemcitabine, 5-azacytidine, etoposide and 
TAXOL™ displayed synergistic effects of cytotoxicity when combined with CV790 
compared to the cytotoxicity of the drug or virus alone. 5-Fluorouracil did not show 
synergistic effects with respect to virus and chemotherapy alone. For the 
experiments summarized in Table 6 the administered dose of CV790 was either MOI 
0.1 or 0.01, as shown in the Figures. The chemotherapeutic agents were 
administered in the following amounts: doxorubicin (50 ng/ml); cisplatin (10 ng/ml); 
taxol (6.5 ng/ml); 5-fluorouracil (100 ng/ml); mitoxantrone (lOOnM); mitomycin C 
(10 ng/ml); 5-azacytidine (lOjag/ml); etoposide (1 jug/ml); and gemcitabine 
(50ng/ml). 
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Table 6: Synergistic Effects of CV790/Chemotherapeutic Combinations 



Virus 


Cell line 


ChemotMerapeutic 
agent 


Class of agent 


Synekgy 


CV790 


HepG2, Hep3B 


5-Fluorouracil 


Antimetabolites 


No 


CV790 


HepG2 ? Hep3B 


5-Azacytidine 


Antimetabolite (DNA 
damaging agent) 


Yes 


CV790 


HepG2, Hep3B 


Cisplatin 


Alkylating agent 

(Plantinum-containing 

agents) 


Yes 


CV790 


HepG2 ; Hep3B 


Doxorubicin 


Antibiotics (anticycline) 


Yes 


CV790 


HepG2, Hep3B 


TAXOL™ 
(paclitaxel) 


Plant alkaloids 


Yes 


CV790 


HepG2, Hep3B 


Etoposide 


Plant alkaloids 


Yes 


CV790 


HepG2, Hep3B 


Gemcitabine 


Antimetabolite (DNA 
damaging agent) 


Yes 


CV790 


HepG2, Hep3B 


Mitomycin C 


Antibiotics 


Yes 


CV790 


HepG2, Hep3B 


Mitoxantrone 


Antibiotics (anticycline) 


Yes 



!f Example 3 : In vitro Treatment of HepG2 and Hep3B Tumor Cells with 

]z\ 5 Replication-Competent AFP-Producing Cell-Specific Adenoviral 

H Vector CV790 and Combination Chemotherapy 

jrS In addition to screening single chemotherapeutic agents co-administered with 

H replication-competent target cell-specific adenoviral vectors, a screen was completed 

H 0 of a number of combination chemotherapy regimens which were co-administered 

with CV790, a hepatoma specific adenoviral vector. Examples of such combination 
y* or multiple drug chemotherapy regimens can be found in Table 2, The protocols for 

Z= the administration of the drugs and virus were as described in Examples 1 and 2, as 

was the monitoring of cell viability by MTT assay. The regimen followed was the 
1 5 virus first regimen. A range of drug concentrations were tested. 

Treatment of hepatoma cells (Hep3B and HepG2) with a combination of 
multiple chemotherapy drugs plus CV790 showed a synergistic enhancement of 
cytotoxicity toward the hepatoma cells compared to the treatment of the hepatoma 
cells with either the virus alone or the multiple drug combination alone. Results are 
20 summarized in Table 7 below. 
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Table 7: Synergistic effects of CV790/Combination Chemotherapeutics 



Virus 


C ell line 


CHEMOTHERAPEtfTIC 
AGENT 


Class 6f agent 


Synergy ) 


CV790 


HepG2, Hep3B 


Doxorubicin & 
Cisplatin 


Anticycline antibiotics 
& Plantinum-containing 
agents 


Yes 


CV790 


HepG2, Hep3B 


Doxorubicin & 
Mitomycin C 


Anticycline antibiotics 


Yes 


CV790 


HepG2, Hep3B 


Doxorubicin & 
Mitoxantrone 


Anticycline antibiotics 


Yes 


CV790 


HepG2, Hep3B 


Doxorubicin & 
TAXOL™ 


Anticycline antibiotics 
& Plant alkaloids 


Yes 



5 Example 4: Treatment of Prostate Tumor Xenografts with CV787 and 

Chemotherapeutic Agents 

After a synergistic effect was observed in vitro for the suppression of tumor 
, rl cell growth with combinations of CV787 and a number of chemotherapeutic agents, 

Ho a subset of these agents were examined for evidence of synergistic results in 

4* suppressing tumor growth in vivo. In vivo studies indicated that the combination of 

in CV787 with paclitaxel or docetaxel could eliminate tumors within 2-4 weeks with 

' H ten-fold less virus (lxlO 7 particles per mm 3 for intratumoral administration, lxlO 10 

CI particle per animal for intravenous administration) compared to a previously 

S|15 effective dose for virus alone. Yu et al (1999) Cancer Res. 59:4200. Below are 

described detailed examples for CV787 and paclitaxel and CV787 and docetaxel. 

Six to eight week old athymic Balb/c nu/nu mice were obtained from 
Simonson Laboratories (Gilroy, CA) and acclimatized to laboratory conditions one 
week prior to tumor implantation. Xenografts were established by injecting 1x1 0 6 
20 LNCaP cells subcutaneously near the small of the back suspended in 100 /xl of RPMI 

1640 and 100 pi of maltrigel (Collaborative Biochemical Products). When tumors 
reached between 400 mm 3 and 600 mm 3 , mice were randomized in groups of four 
each to receive either 1x1 0 10 particles of CV787 at day 1 via the tail vein or 
paclitaxel, 20 mg/kg intraperitoneally (i.p.) daily for 4 days starting at day 2, versus 
25 controls treated with normal saline 0.1 ml i.v. at day 1 and then i.p. for 4 days. In 

addition, another group of mice received the combination of CV787 and paclitaxel at 
the same doses and schedule as above. CV787 was diluted in lyophilized buffer and 
injected into tail vein in a volume of 0.1 ml using a 28-gauge needle. The dose and 
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route of administration of paclitaxel were selected according to studies in nude mice 
by Riondel et al., (1986) Cancer Chemother Pharmacol. 17:137. These authors 
conducted acute toxicity studies of paclitaxel in nude mice and selected the unit dose 
of 12.5 mg/kg daily, being l/20th of the LD50 dose (lethal dose for 50% of animals). 
Tumors were measured weekly in two dimensions by external caliper and volume 
was estimated by the formula [length (mm) x width (mm) 2 ]/2. Animals were 
humanely killed when their tumor burden became excessive. Serum was harvested 
weekly by retro-orbital bleed. The difference in mean tumor volume between 
treatment groups was compared for statistical significance using the unpaired, two- 
tailed, t-test. Blood samples were collected at various time points for determining 
prostate-specific antigen (PSA). The level of PSA is directly related to tumor size, 
and tumor regression is accompanied by a fall in PSA levels. 

Anti-tumor efficacy of the combined therapy of intratumorally administered 
CV787 with paclitaxel 

The in vivo antitumor efficacy of intratumorally administered CV787 and the 
interaction of CV787 in the combination with paclitaxel was assessed in the LNCaP 
mouse xenograft model as described above. The following treatments were 
administered (n=6 per treatment group): 

Vehicle (negative control). 

CV787 (active control) at a dose of 1 x 10 7 particles per mm 3 of tumor, at day 

1. 

Paclitaxel at a dose of 15 mg/kg of animal weight, starting at day 2, daily for 
four days. 

CV787 (1 x 10 7 particles per mm) and paclitaxel (15 mg/kg), scheduled as 

above. 

All treatment groups received identical injections of the active agent or 
vehicle control into both the tumor and peritoneum. Tumor volume was measured 
just before the injection of test articles and once a week for 6 weeks thereafter. 

The following changes in average tumor volumes were measured 6 weeks 
after treatment. Average tumor volume increased in vehicle-treated animals from 
425 mm 3 to 983 mm 3 (231% of baseline) 6 weeks after treatment and in the 
paclitaxel group from 405 mm 3 to 630 mm 3 (166% of baseline) Figure 23. Tumor 

123 



volumes in the CV787 lxlO 7 particles/mm 3 group dropped from 419 to 379 mm 3 
(90% of baseline) whereas the average tumor volume in the combination treatment 
group of CV787 with paclitaxel decreased from 413 mm 3 to 45 mm 3 (1 1 % of 
baseline) within six weeks after treatment. These changes were statistically 
significant by Student's t-test for the comparison of combination treatment of CV787 
with paclitaxel to any of the vehicles, CV787 alone or paclitaxel alone treatment. It 
is suggested that the combination of CV787 with paclitaxel produces a 
synergistically enhanced anti-tumor efficacy, more effective than virus treatment 
alone or paclitaxel treatment alone. 

Anti-tumor efficacy of the combined therapy of intravenously administered CV787 
with paclitaxel 

In vivo studies of intravenously administered CV787 in conjunction with 
paclitaxel or docetaxel were performed in the same mouse xenograft model as used 
for the intratumoral injection study. All test articles were administered via tail vein 
except that paclitaxel was injected intraperitoneally into animals. 

The efficacy of intravenously administered CV787 and paclitaxel was 
assessed as described above. The following treatments were administered in this 
study: 

Vehicle (negative control). 

CV787 (active control) at a dose of 1 x 10 10 particles per animal at day 1 . 
Paclitaxel at a dose of 20 mg/kg of animal weight, starting at day 2, daily for 

4 days. 

CV787 (lxl 0 10 particles/animal) and paclitaxel (20 mg/kg), scheduled as 

above. 

Tumor volumes were measured just before the injection of test articles and 
once a week for 10 weeks thereafter. 

In this study, single doses of CV787 and paclitaxel both appeared to be 
effective in producing tumor regression in the LNCaP mouse model, whereas the 
combination produced a complete regression in 4 weeks Figure 25. Four weeks after 
treatment, relative tumor volume decreased to 3%. of baseline (from 418 mm 3 to 14 
mm 3 ) for the combination treatment group and 216% of baseline for the vehicle- 
treated group, 31 % of baseline for the paclitaxel group and 162% of baseline for the 
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CV787 group. Ten weeks after treatment, 100% of the animals in the combination 
therapy group were tumor free, and animals were followed for 90 days without 
tumor regrowth. Relative tumor volume in the CV787-treated group decreased to 
28% of baseline, while the tumors in the paclitaxel-treated group progressively grew 
back to 149% of baseline. This result indicated that paclitaxel alone could not cure 
cancers in this xenograft model. CV787 appeared to be highly effective and virus 
alone took a relatively long period of time to cure cancer at this dose level. 
However, the combination of CV787 and paclitaxel effectively eliminated tumors 
within 4 weeks after administration. In summary, the combination of paclitaxel with 
intravenously administered CV787 was far more effective than chemotherapy or 
virus treatment alone 

Figure 24 depicts the change in tumor growth upon varying does of paclitaxel 
(TAXOL™) and CV787 combined with paclitaxel (TAXOL™). paclitaxel 
(TAXOL™) at 10 mg/kg has approximately the same efficacy over a 5 week period 
as does paclitaxel (TAXOL™) at 2 mg/kg when combined with CV787 (1 x 10 10 
particles). Each of these treatments merely arrests tumor growth while not actually 
causing and regression of the tumor. A dose of 2 mg/kg of paclitaxel (TAXOL™) 
alone, however, leads to progressive enlargement of the tumor. A combination of 
paclitaxel (TAXOL™) at 10 mg/kg combined with a 1 x 10 10 particle dose of 
CV787, however, leads to complete suppression of tumor growth by the third week 
of the in vivo trial. 

Anti-tumor efficacy of the combined therapy of intravenously administered CV787 
and docetaxel 

The efficacy of intravenously administered CV787 and docetaxel was also 
assessed as described above. All test articles were administered into animals via tail 
vein. The following treatments were administered in this study: 

Vehicle (negative control). 

CV787 (active control) at a dose of lxl 0 10 particles per animal at day 1. 
Docetaxel at a dose of 10 mg/kg of animal weight, starting at day 2, daily for 

4 days. 

CV787 (lxlO 10 particles/animal) and paclitaxel (10 mg/kg), scheduled as 

above. 
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Tumor volumes were measured just before the injection of test articles and 
once a week for 6 weeks thereafter. 

In this study, single dose of CV787 and docetaxel both appeared to be 
effective in producing tumor regression in the LNCaP mouse model, whereas the 
combination produced a complete regression within 4 weeks. Four weeks after 
treatment, relative tumor volume decreased to 2% of baseline for the combination 
treatment group and 226% of baseline for the vehicle-treated group, 49% of baseline 
for the docetaxel group and 132% of baseline for the CV787 group. These changes 
were statistically significant by the Student's t-test for the comparison of 
combination treatment of CV787 and docetaxel to any of the vehicle, CV787 alone 
or docetaxel alone treatment. It is suggested that the combination of CV787 and 
docetaxel produces an enhanced anti-tumor efficacy, much better than virus alone or 
docetaxel alone. 

An alternate presentation of these data are found in Figure 28 in which the 
data are reported as tumor volumes. 

Following the successful treatment of the LNCaP xenografts with the above- 
described method, the dosage of docetaxel was decreased by 50% to 5 mg/kg and the 
CV787 dose was maintained at 1 x 10 10 particles. As shown in Figure 29 significant 
regression of the tumor is observed for the CV787/docetaxel combination therapy by 
week 3. At week 4 the tumor volume is less than the tumor volume which remains 
steady for the remainder of the experiment. The minimum tumor volume for 
docetaxel alone, approximately 50% of the original tumor volume, is reached by 
week 1, however, in the following weeks tumor growth resumes and by week 6 has 
reached the starting tumor volume. Treatment with a tenfold higher dose of CV787 
(1 x 10 n particles) is significantly more effective than the lower dose of CV787 (1 x 
10 10 particles) or docetaxel alone, but is slower to regress tumor growth and even at 
week 6 does not equal the reduction in tumor volume as the combination of CV787 
(1 x 10 10 particles) and docetaxel (5 mg/kg). 

In summary, in vivo studies showed that direct intratumoral or intravenous 
injection of CV787 in conjunction with paclitaxel or docetaxel has an enhanced anti- 
tumor efficacy, resulting in a significantly lower tumor burden observed in the 
combination treatment. The virus dose in the combination treatment was 10-fold 
lower than our previously effective dose for virus treatment alone, 1 x 10 n particles 
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and a hundred percent of treated animals had complete tumor regression within 4 
weeks in the intravenous administration regimen. These data provide supportive 
evidence for the potential development of a combination clinical regimen of CV787 
with paclitaxel or docetaxel for clinical treatment of prostate cancer. 
5 A number of other chemo therapeutic agents were screened for synergistic 

effect when combined with CV787 for the in vivo treatment of cancer. Results are 
summarized in Table 8, below, and representative data shown in Figures 23 ? 25-27. 
Table 8 also includes data for the CN706 adenoviral vector, a replication-competent 
prostate cell-specific adenoviral construct (see Table 4). CV787 was administered in 

10 amounts ranging between 1 x 10 7 particles/mm 3 , and 1 x 10 11 particles, as indicated 

in the Figures. Chemo therapeutic agents were administered in the following 
amounts: paclitaxel (TAXOL™; 2 mg/kg to 20 mg/kg as shown); docetaxel 
(TAXOTERE™; 5-10 mg/kg, as shown); mitoxantrone (3 mg/kg); estramustine (14 
mg/kg daily at days 2-5, 7-11, 13-17, and 20-24);cisplatin (4mg/kg); and 5- 

1 5 fluorouracil (30mg/kg). 



Table 8: Synergistic effects of Adenovirus/Chemotherapeutic 
Combinations in vivo 



Virus 


Cell line 


CHfemotherapentic 
agent 


Class of agent 


Synergy 


CV706 


Prostate cancer 
xenografts 


5 -Fluorouracil 


Antimetabolites 


Yes 


CV787 


Prostate cancer 
xenografts 


Cisplatin 


Alkylating Agent 
(Plantinum- 
containing agents) 


Yes 


CV787 


Prostate cancer 
xenografts 


Estramustine 


Alkylating agent 


Yes 


CV787 


Prostate cancer 
xenografts 


Mitoxantrone 


Antibiotics 
(anticycline) 


No 


CV787 


Prostate cancer 
xenografts 


TAXOTERE™ 
(docetaxel) 


Plant Alkaloids 


Yes 


CV787 


Prostate cancer 
xenografts 


TAXOL™ 
(paclitaxel) 


Plant alkaloids 


Yes 



20 

Example 5: Treatment of Hep3B Tumor Xenografts with Replication- 
Competent Hepatoma Specific CV790 and Doxorubicin and 
Hepatoma Specific CV890 and Doxorubicin 

25 

CV790 is an AFP producing hepatocellular carcinoma specific adenovirus, 
with EIA and E1B under the control of an identical AFP promoter (827bp) and 
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enhancer with an E3 region. The CV890 adenovirus construct is also a hepatoma or 
liver-specific adenoviral mutant with the El A and E1B genes under transcriptional 
control of 827bp AFP promoter, wherein E1B is under translational control of 
EMCV IRES and having an intact E3 region. The structure of CV890 therefore 
reads as AFP/El A, IRES/E1B, E2, E3, E4. In vivo studies of the efficacy of 
combinations of CV790 and doxorubicin and CV890 and doxorubicin were 
performed according to the protocols described in detail in Example 4, with minor 
alterations which are described below. 

Xenografts in the study of CV790 and CV890 combined with 
chemotherapeutic agents utilized liver carcinoma Hep3B cells, instead of LNCaP 
prostate carcinoma. Virus, CV790 or CV890, was administered by a single 
intravenous injection of 1 x 10 11 particles through the tail veins of the nude mice. 
One day after virus delivery, a single dose of doxorubicin was given to each animal 
by i.p. injection. The doxorubicin dose was 1 0 mg/kg for both doxorubicin alone 
and doxorubicin combined with virus treatments. Tumor volume was measured once 
a week for six weeks according to the protocol in Example 4. 

Both CV790/doxorubicin and CV890/doxorubicin treatment of the hepatoma 
showed synergistic results. Four weeks after treatment with either 
CV790/doxorubicin or CV890/doxorubicin the relative tumor volume was less than 
10%. Unlike mice treated with either virus alone or doxorubicin alone, after week 4, 
the relative tumor volume did not increase for either the either CV790/doxorubicin 
or CV890/doxorubicin treated mice. At week 6 in the control mice, the relative 
tumor volume was approximately 1000% in the CV790 study and approximately 
600% in the CV890 study 4 weeks after treatment. The relative tumor volumes of 
mice treated with virus alone were 250% (CV790) and 520% (CV890) while the 
relative tumor volumes for mice treated with doxorubicin alone were 450% with 
280% in the CV790 study and 500% in the CV890 study. These results are shown in 
Figure 30 (CV790/doxorubicin) and Figure 31 (CV890/doxorubicin), 

Example 6 : In vitro Treatment of Tumor Cells with Combined Target Cell- 
Specific Adenoviral Vector CV787 and Radiation Therapy 

LNCaP prostate carcinoma cells were pre-seeded in 96 well plates in the 

RPMI medium at 10,000 cells per well. After infection with CV787 (0.01 MOI) 
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according to above described protocols (Example 1), the cells were incubated at 
37°C with 5% C0 2 for 24 hours, and then irradiated as monolayers using Cesium 137 
gamma rays (used for all radiation studies) at a dose of 2 Gy. An MTT assay as 
described in Example 1 was performed to determine cell viability (1- % of viable 
cells = dead cells). The results are shown in Figures 10; 32; 33; 34; 35;and 36. The 
results show that the combined adenoviral/radiation treatment is synergistically 
enhanced over treatment with either virus or radiation alone. 

Figure 33 summarizes the results of a comparison of the treatment of LNCaP 
prostate carcinoma cells with 6 Gy radiation combined with CV787 (MOI 0.1), 6 Gy 
radiation alone, CV787 treatment alone, or no treatment. Protocols for the treatment 
are as described above for CV787 and 2 Gy radiation. Synergistic results were 
observed for the combined treatment of adenovirus and radiation compared to either 
treatment alone. 

In Figure 32 the same procedure was followed as those described above with 
the treatment consisting of CV787 (MOI 0.1) and 6 Gy radiation, except that the 
virus was added 24 hours after LNCaP cells were irradiated. The results indicate that 
virus treatment either before or after irradiation leads to synergy in terms of cell 
killing. 

To establish a dose response curve, LNCaP cells were prepared and treated as 
described above, with CV787 (MOI 0.01) administered first, followed after 24 hours 
with varying doses of radiation. Separate cell cultures were irradiated with an 
increasing dose of radiation starting at 0 Gy, up to 8 Gy (CV787 was kept at the 
same level of multiplicity of infection of 0.01), then 6 days after irradiation, the cells 
were subjected to a MTT assay as described above in Example 1. Figure 36 shows 
the resulting dose response curve, with nearly 100% cell death at day 6 for an 8 Gy 
dose of radiation. 

To determine the effect of radiation on the viability of the replication- 
competent target cell-specific adenoviral vectors, virus yield was measured 
according to the protocol described in Example 8. LNCaP prostate carcinoma cells 
were seeded in well plates as described in Example 1 and above, then treated with 
either radiation (6 Gy) followed by administration of CV787 (MOI 0.1) 24 hours 
later or treated with CV787 (MOI 0.1) followed 24 hours later by irradiation (6 Gy), 
as described above in this example. These results were compared to the virus yield 
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determined in LNCaP cells treated with CV787 (MOI 0.1) alone. In both cases, with 
either radiation administered first Figure 34 or virus administered first Figure 35, the 
virus yield over time is comparable to the virus yield in LNCap cells which are not 
treated with radiation. These results indicate that the combination treatment 
5 produces more virus than virus alone. 

Example 7: Construction of a Replication-Competent Adenovirus Vector 
Comprising an AFP-TRE and an EMCV IRES 

10 The encephalomyocarditis virus (ECMV) IRES as depicted in Table 12 was 

introduced between the El A and E1B regions of a replication-competent adenovirus 
vector specific for cells expressing AFP as follows. Table 12 shows the 519 base 
pair IRES segment which was PCR amplified from Novagen's pCITE vector by 
primers A/B as listed in Table 9. A 98 base pair deletion in the El A promoter region 

1 5 was created in PXC. 1 , a plasmid which contains the left-most 1 6 mu of Ad5 . 

Plasmid pXC.l (McKinnon (1982) Gene 19:33-42) contains the wild-type left-hand 
end of Ad5, from Adenovirus 5 nt 22 to 5790 including the inverted terminal repeat, 
the packaging sequence, and the El a and Elb genes in vector pBR322. pBHGlO 
(Bett. et al. (1994) Proc. Natl. Acad. Sci. USA 91:8802-8806; Microbix Biosystems 

20 Inc., Toronto) provides the right-hand end of Ad5, with a deletion in E3. The 

resultant plasmid, CP306 (PCT/US98/16312), was used as the backbone in overlap 
PCR to generate CP624. To place a Sail site between El a and Elb, primers C/D, 
E/F (Table 9) were used to amplify CP306, plasmid derived from pXC.l and lacking 
the El a promoter. After first round PCR using CP306 as template and primers C/D, 

25 E/F, the resultant two DNA fragments were mixed together for another round of 

overlapping PCR with primers C/F. The overlap PCR product was cloned by blunt 
end ligation to vector. The resultant plasmid, CP624 (Table 10), contains 100 bp 
deletion in Ela/Elb intergenic region and introduces Sail site into the junction. On 
this plasmid, the endogenous Ela promoter is deleted, and the El a polyadenylation 

30 signal and the Elb promoter are replaced by the Sail site. Next, the Sail fragment 

of CP625 was cloned into the Sallsite in CP624 to generate CP627 (Table 10). 
CP627 has an EMCV IRES connecting adenovirus essential genes Ela and Elb. In 
CP627, a series of different tumor-specific promoters can be placed at the PinAl site 
in front of Ela to achieve transcriptional control on El expression. 
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Table 9 



Primer 


Sequence 


Note 


A. 


5 '-GACGTCGACTAATTCCGGTTATTTTCCA 


For PCR EMCV IRES, GTCGAC is a Sail site. 


B. 


5 '-GACGTCGACATCGTGTTTTTCAAAGGAA 


For PCR EMCV IRES, GTCGAC is a Sail site. 


C. 


5 '-CCTGAGACGCCCGACATCACCTGTG 


Ad5 sequence to 1314 to 1338. 


D. 


5 '-GTCGACCATTCAGCAAACAAAGGCGTT AAC 


Antisense of Ad5 sequence 1572 to 1586. 






GTCGAC is a Sail site. Underline region 






overlaps with E. 


E. 


5 '-TGCTGAATGGTCGACATGGAGGCTTGGGAG 


Ad5 sequence 1714 to 1728. GTCGAC is a 






Sail site. Underline region overlaps with D. 


F. 


5 '-CACAAACCGCTCTCCACAGATGCATG 


Antisense of Ad5 sequence 2070 to 2094. 



For generating a liver cancer-specific virus, an about 0.8kb AFP promoter 
fragment as shown in Table 14 was placed into the Pin Al site of CP627 thereby 
yielding plasmid CP686. Full-length viral genomes were obtained by recombination 

10 between CP686 and a plasmid containing a right arm of an adenovirus genome. The 

right arms used in virus recombination were pBHGE3 (Microbix Biosystems Inc.), 
containing an intact E3 region, and pBHGl 1 or pBHGl 0 (Bett et al. (1994) 
containing a deletion in the E3 region. 

The virus obtained by recombination of CP686 with a right arm containing an 

15 intact E3 region was named CV890. The virus obtained by recombination of CP686 

with a right arm containing a deleted E3 region (pBHG 10) was named CV840* The 
structure of all viral genomes was confirmed by conducting PCR amplifications that 
were diagnostic for the corresponding specific regions. 

Therefore, adenovirus vector designated CV890 comprises 0.8 kb AFP 

20 promoter, E1A, a deletion of the El A promoter, EMCV IRES, E1B a deletion of the 

E1B promoter and an intact E3 region. Adenovirus vector CV840 comprises AFP 
promoter, El A, a deletion of the El A promoter, EMCV IRES, E1B, a deletion of the 
E1B promoter and a deleted E3 region. 



131 



5 

Table 10 



Plasmid 


Brief description 


designation 




CP306 


An El A promoter deleted plasmid derived from pXC.l 


CP624 


Overlap PCR product from CP306 to generate 100 bp deletion and 




introduce a Sail site at El A and E1B junction; El A and E1B promoter 




deleted in E1A/E1B intergenic region. 


CP625 


EMCV IRES element ligated to PCR-blunt vector (Invitrogen pCR® blunt 




vector). 


CP627 


IRES element derived from CP625 by Sa/1 digestion and ligated to CP624 




Sail site placing IRES upstream from E1B. 


CP628 


Probasin promoter derived from CP251 by PinAl digestion and cloned into 




PinAl site on CP627. 


CP629 


HCMV IE promoter amplified from pCMV beta (Clontech) with PinAl at 




5' and 3' ends ligated into CP627 PinAl site. 


CP630 


A 163 bp long VEGF IRES fragment (Table 1) cloned into the Sa/1 site on 




CP628. 


CP686 


AFP promoter from CP219 digested with PinAl and cloned into PinAl site 




on CP627. 



Example 8: Construction of a Replication-Competent Adenovirus Vector with 
1 0 a Probasin TRE and an EMCV IRES 

The probasin promoter as shown in Table 14 was inserted at the PinAl site of 
plasmid CP627 (see Example 8) to generate CP628, which contains a probasin 
promoter upstream of El A and an EMCV IRES between El A and E1B. Full-length 
viral genomes were obtained by recombination between CP628 and a plasmid 
15 containing a right arm of an adenovirus genome. The right arms used in virus 

recombination were pBHGE3, containing an intact E3 region, and pBHGl 1 or 
pBHGlO containing a deletion in the E3 region. The structure of all viral genomes 
was confirmed by conducting PCR amplifications that were diagnostic for the 
corresponding specific regions. 
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